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On October 1, 2004, the Examiner made a final rejection to pending Claims 39-46 and 
49-5 1 . A Notice of Appeal was filed on January 5, 2005, and an Appeal Brief was filed on 
August 5, 2005. An Examiner's Answer was mailed on November 10, 2005, and Appellants' 
Reply Brief was filed on January 1 0, 2006. 

A Notification of Non-Compliant Appeal Brief was mailed March 28, 2006, which stated 
that the brief was defective because it lacked a "Related Proceedings" Appendix. The following 
amended appeal brief has been corrected to include the "Related Proceedings" Appendix 
(Section 10). 

The following constitutes the amended version of Appellants' Brief on Appeal. 



Dear Sir: 
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1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the patent application U.S. Serial No. 09/665,350 recorded July 9, 2001, at Reel 
01 1964 and Frame 0181. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PR0217". There exist two related patent applications, (1) U.S. Serial No. 09/906,742, 
filed July 16, 2001 (containing claims directed to polynucleotides encoding PR0217 
polypeptides), and (2) U.S. Serial No. 09/904,01 1, filed July 11, 2001 (containing claims directed 
to antibodies that bind PR0217 polypeptides). Both apphcations are also under final rejection 
from the same Examiner and based upon the same outstanding rejection, and appeal of these final 
rejections is being pursued independently and concurrently herewith. 

3. STATUS OF CLAIMS 

Claims 39-46 and 49-5 1 are in this application. 
Claims 1-38 and 47-48 are canceled. 

Claims 39-46 and 49-51 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims involved in the present Appeal is provided as Appendix A. 

4. STATUS OF AMENDMENTS 

The claims involved in the appeal have been amended by an amendment filed 
concurrently with this appeal brief The claims listed in the Appendix incorporate this^ 
amendment. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 

comprising the amino acid sequence of the polypeptide of SEQ ID N0:4; the amino acid 

sequence of the polypeptide-of SEQ ID N0:4, lacking its associated signal peptide; or the amino 
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acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209256 (Claims 44-46 and 49). The invention is 
further directed to polypeptides having at least 80%, 85%, 90%, 95%, or 99% amino acid 
sequence identity to the amino acid sequence of the polypeptide of SEQ ID N0:4; the amino acid 
sequence of the polypeptide-of SEQ ID N0:4, lacking its associated signal peptide; or the amino 
acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209256, wherein the polypeptide is capable of 
stimulating proliferation of T-lymphocytes (Claims 39-43). The invention is further directed to a 
chimeric polypeptide comprising one of the above polypeptides fused to a heterologous 
polypeptide (Claim 50), and to a chimeric polypeptide wherein the heterologous polypeptide is 
an epitope tag or an Fc region of an iirmiunoglobulin (Claim 51). 

The full-length PR02 17 polypeptide having the amino acid sequence of SEQ ID N0:4 is 
described in the specification at, for example, page 35, lines 3-15, page 99, lines 17-29, in Figure 
4 and in SEQ ID N0:4. The cDNA nucleic acid encoding PR0217 is described in the 
specification at, for example. Example 2, in Figure 3 and in SEQ ID N0:3. Page 58, lines 33-36 
of the specification provides the description for Figures 3 and 4. PRO polypeptide variants 
having at least about 80% amino acid sequence identity with a full length PRO polypeptide 
sequence or a PRO polypeptide sequence lacking the signal peptide are described in the 
specification at, for example, page 57, lines 2-14, while PRO polypeptide variants having at least 
about 80% sequence identity to an amino acid sequence encoded by any of the disclosed human 
cDNAs deposited with the ATCC are described in the specification at, for example, page 57, 
lines 15-27. The preparation of chimeric PRO polypeptides, including those wherein the 
heterologous polypeptide is an epitope tag or an Fc region of an immunoglobulin, is set forth in 
the specification at page 1 16, lines 12-35. Examples 53-56 describe the expression of PRO 
polypeptides in various host cells, including E. coli, mammahan cells, yeast and Baculovirus- 
infected insect cells. PR0217 is described as a polypeptide having homology to epidermal 
growth factor (EGF)-like proteins (page 2, line 8, to page 3, line 38, and page 99, lines 17-29). 

Example 74 shows that PR0217 tested positive in the mixed lymphocyte reaction (MLR) 
assay, demonstrating that PR0217 is active as a stimulator of the proliferation of stimulated T- 
lymphocytes, and therefore would have utility in the treatment of conditions where the 
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enhancement of an immune response would be beneficial. In addition, Example 69 shows the 
ability of PR0217 to induce endothelial cell apoptosis, using HUVECs as a model system, while 
Example 77 shows that PR0217 tested positive in the skin vascular permeability assay. 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

I. Whether the data generated in the MLR assay (Example 74) satisfies the utility requirement 
of 35 U.S.C. § 101 such that claims 39-46 and 49-51 should be accorded the priority of U.S. 
provisional apphcation Serial No. 60/100,858 filed on September 17, 1998. 

n. Whether Claims 39-43 and 50-5 1 satisfy the enablement requirement of 35 U.S.C. § 1 1 2, 
first paragraph. 

m. Whether Claims 39-43 are patentable under 35 U.S.C. §102 over Hsieh et al. (Nature 
398:431-436 (1999)) and Brewer et al. (WO 98/54963, pubUshed December 10, 1998). 

IV. Whether Claims 44-46 and 49 are patentable under 35 U.S.C. §102 or alternatively under 
35 U.S.C. §103 over Hsieh et al. (Nature 398:431-436 (1999)) and Brewer et al. (WO 
98/54963, pubHshed December 10, 1998). 
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7. ARGUMENT 
Summary of the Arguments: 

Issue I: Utility 

Although the Examiner has granted utiUty for the claimed PR0217 polypeptide based 
upon its activity of inhibiting VEGF stimulated proliferation of adrenal cortical capillary 
endothelial cells, Appellants submit that data derived from the mixed leukocyte reaction (MLR) 
assay, first disclosed in U. S. AppUcation Serial No. 60/100,858 filed September 17, 1998, is also 
sufficient to establish a patentable utility for the claimed PR0217 polypeptide. Appellants rely 
upon this utility in order to provide an effective filing date of September 17, 1998. 

The MLR is a well-established assay for evaluating test compounds for their ability to 
stimulate T-lymphocyte proliferation in vitro. The MLR assay has been used to identify 
immunomodulatory compounds, such as tepoxalin or tautomycetin, which have been shown to 
have real world utility in the suppression of graft rejection. The specification explains that 
compounds which stimulate proUferation of lymphocytes in this assay, such as PR0217, "are 
useful therapeutically where enhancement of an immune response is beneficial." Stimulators of 
T-cell proliferation find utility in fighting viral infections, including retroviral infections, such as 
HIV infection or Epstein-Barr infection, as well as in the treatment of cancers such as melanoma. 

Appellants have also submitted, with their Preliminary Amendment filed July 12, 2004, 
the Declaration of Dr. Sherman Fong. Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay, such as the chemokine IL-12, used in the treatment of melanoma. Dr. Fong 
concludes that "a PRO polypeptide shown to stimulate T-cell proliferation in the MLR assay of 
the present invention with an activity at least 180% of the control, as specified in the present 
application, is expected to have the type of activity as that exhibited by IL-12, and would 
therefore find practical utility as an immune stimulant." 

The Examiner has asserted that "the results of the MLC (a.k.a. MLR) assay do not 

support a specific and substantial utility for the claimed invention because the assay is not 

predictive of immune response in general, and one of ordinary skill in the art would not expect a 

stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the immune 

system, absent evidence to the contrary." (Page 6 of the Office Action mailed October 1, 2004). 
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In support of the assertion that "the MLC assay, which is art recognized for determining 
histocompatibihty, does not appear to be predictive of general immune response in vivo,'' the 
Examiner has cited references by Kahan et al, Picotti et al and Campo et al 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The apphcant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical certainty. The 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the apphcant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the applicant. 

The Examiner has provided a detailed discussion of alleged inadequacies in the MLR 
protocol disclosed in the instant specification, including the supposed absence of essential 
controls. Appellants submit that the Examiner has misinterpreted the focus of the assay 
disclosed in the specification. The purpose of the assay is not to test the properties of the 
stimulator cells, as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to 
enhance the expected response of the T cells, thus demonstrating general immunostimulant 
activity . 

Appellants fiirther submit that the Examiner has not shown that a lack of correlation 
between results of the MLR assay in vitro and immunomodulatory activity in vivo is typical . Li 
fact, Picotti et al and Carnpo et al support Appellants' position that the in vitro MLR assay can 
and has been successfiilly used to identify compounds having immunomodulatory activity in 
vivo. 

The Examiner takes issue with Dr. Pong's statement that "[t]he MLR assay of the present 
application is designed to measure the ability of a test substance to 'drive' the dendritic cells to 
induce the proliferation of T-cells that are activated, or co-stimulated in the MLR, and thus 
, identifies immune stimulants that can boost the immune system to respond to a particular antigen 
that may not have been immunologically active previously," asserting that this statement is not 
supported in the specification as filed. Appellants submit that one of skill in the art would have 
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understood at the time of filing that (i) molecules which enhanced the proliferation o f stimulated 
T-cells would increase the ability of dendritic cells to convert antigens to immun oeens, and (ii) 
such stimulatory molecules would allow antigens that were not usually immunog enic, such as 
known melanoma or viral antigens, to become inununogenic. This conclusion would have been 
apparent to the skilled artisan based solely upon knowledge about dendritic cells and their role in 
antigen presentation that was widely known in the art at the time of filing. 

Accordingly, Appellants submit that the MLR assay suffices to provide patentable utility 
for the subject matter of the instant claims. The claims are therefore entitled to the September 
17, 1998, priority date of U.S. Provisional Application No. 60/100,858 in which the results of 
this assay were first disclosed. 

Issue II: Enablement 

Claims 39-43 and 50-51 stand rejected under 35 U.S.C. §112, first paragraph, because the 
specification allegedly "does not reasonably provide enablement for a polypeptide not identical to at 
least the mature form of SEQ ID N0:4 which is capable of stimulating proliferation of T- 
lymphocytes." (Page 8 of the Office Action mailed October 1, 2004). The Examiner has asserted 
that "the basis for this limitation is found in Example 74, which has been shown not to support 
utility for the claimed invention, and therefore, is likewise, not enabled." (Page 7 of the Office 
Action mailed July 15, 2003). 

Appellants submit that, as discussed above, the MLR assay demonstrates utility for the 
PR0217 polypeptide for the treatment of conditions where the stimulation of lymphocyte 
proliferation would be desirable, including viral infections such as HIV and Epstein-Barr, and 
cancers such as melanoma. Based on such a utility, one of skill in the art would know exactly 
how to use the claimed polypeptides for the treatment of viral infections and cancer, without any 
undue experimentation. 

Appellants note that the claimed variants, in addition to having at least 80% amino acid 

sequence identity to SEQ ID N0:4, also have the fimctional limitation that " the polypeptide is 

capable of stimulating proHferation of T-lvmphocytes ." Thus the claimed variants all share the 

disclosed utility of the PR0217 polypeptide as an immunostimulant . The specification provides 

ample guidance to allow the skilled artisan to identify those polypeptide variants which meet the 

limitations of the claims, including a detailed protocol for the MLR assay. The specification also 
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provides detailed guidance as to how to identify and make polypeptides having at least 80% 
amino acid sequence identity to PR0217 (SEQ ID N0:4). Accordingly, one of ordinary skill in 
the art would understand how to make and use the recited polypeptide variants without any 
undue experimentation. 

Issue III: Anticipation bv Hsieh et al. and/or Brewer et aL . WO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. § 102(a) as being anticipated by Hsieh et al. 
(Nature 398:431-436, pubUshed April 1, 1999). Claims 39-43 further stand rejected under 35 
U.S.C. §102(b) as being anticipated by Brewer et al. (WO 98/54963, pubhshed December 10, 
1998). 

The instant application claims priority to U.S. Provisional Application Serial No. 
60/100,858, filed on September 17, 1998, over six months before the publication date of Hsieh et 
al. and over two months before the publication date of Brewer et al. U.S. Provisional 
Application Serial No. 60/100,858 first disclosed that the PR0217 polypeptide tested positive in 
the MLR assay. 

The instant application has not been granted the earlier priority date on the grounds that 
"a review of the instant application and this assay do not lead to a conclusion of utility based on 
this assay, and therefore, priority to the provisional appUcation is not afforded." (Page 3 of the 
Office Action mailed October 1, 2004). 

Appellants respectfully submit that as discussed above under Issues I and U, the presently 
claimed invention is supported by a specific, substantial and credible utility and, therefore, the 
present specification teaches one of ordinary skill in the art "how to use" the claimed invention 
without undue experimentation. Accordingly, the instant application is entitled to the effective 
fihng date of September 17. 1998. and thus neither Hsieh et al. nor Brewer et al. is prior art. 

Issue IV: Anticipation or Obviousness over Hsieh et al. and/or Brewer et at., WO 98/54963 

Claims 44-46 and 49 stand rejected under 35 U.S.C. §102(a) as being anticipated by, or, 
in the alternative, under 35 U.S.C. §103(a) as obvious over Hsieh et al. Claims 44-45 and 49 
fiuther stand rejected under 35 U.S.C. §102(b) as being anticipated by, or, in the alternative, 
under 35 U.S.C. § 1 03(a) as obvious over Brewer et al. 
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As discussed above, the instant application is entitled to priority to U.S. Provisional 
Application Serial No. 60/100,858, and to the effective filing date of September 17, 1998. Thus 
neither Hsieh et al nor Brevier et al is prior art. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: The Data Generated in the MLR Assay Satisfies the Utility Requirement of 35 
U.S.C, $ 101 for Claims 39-46 and 49-51 

Appellants have asserted that U.S. Application No. 60/100,858, filed September 17, 
1998, discloses stimulatory activity in the mixed leukocyte reaction (MLR) assay, and that the 
data generated in the MLR assay (shown in Example 74 of the instant specification) establish 
patentable utility for the claimed PR0217 polypeptides. The Examiner has asserted that 
although "the claimed invention has met the utiUty requirement based on its activity of inhibiting 
VEGF stimulated proliferation of adrenal cortical capillary endothelial cells ... the invention 
lacks utility based on the assertion that the claimed invention could be used therapeutically to 
enhance the immune response in an individual." (Page 3 of the Office Action mailed October 1, 
2004). 

Appellants submit, for the reasons set forth below, that the MLR assay disclosed in 
Example 74 of the specification provides at least one credible, substantial and specific asserted 
utility for the claimed PR02 1 7 polypeptides. 

A. The Legal Standard for Utility 

According to 35 U.S.C.§ 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 

hi interpreting the utility requirement, in Brenner v. Manson^ the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form."^ The Court 

» Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
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concluded that "a patent is not a hunting Ucense. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy." 

Later, in Nelson v. Bowie/ the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may estabhsh practical utihty, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka^ the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "m vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e. there is a reasonable correlation there between,"^ The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may estabhsh a 
practical utihty." 

Furthermore, M.P.E.P. 2107.03 (HI) states that: 

"If reasonably correlated to the particular therapeutic or pharmacological utility, data 
generated using in vitro assays, or from testing in an animal model or a combination 
thereof almost invariably will be sufficient to establish therapeutic or pharmacological 
utility for a compound, composition or process." 

Thus, the legal standard accepts that in vitro or animal model data is acceptable utility as 
long as the data is "reasonably correlated" to the pharmacological utility described. 



^ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

^ Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 
^ Id, at 856, 206 U.S.P.Q. (BNA) at 883. 

^ Cross V. lizuka, 153 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed, Cir. 1985). 
' Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 
' Id 
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The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbeUevable on its face.^ The PTO has the initial 
burden to prove that apphcants* claims of usefulness are not believable on their face.*^ Li 
general, an Applicant's assertion of utility creates a presumption of utility that be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 

11 12 

art to question the objective truth of the statement of utility or its scope." , 

Comphance with 35 U.S.C. §101 is a question of fact.'^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^'* Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines")' ^ which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is usefiil as a diagnostic without also identifying the conditions that are to be 
diagnosed. 



' In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
Ibid. 

" In re Lunger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

" See also In re Mies, 628 F.2d 1322. 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); In reSichert, 566 F.2d 1154, 1159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

" Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
" 66 Fed. Reg. 1092(2001). 
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In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the pubUc in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility."'^ Indeed, the Guidelines for Examination of Applications for 
CompUance With the Utility Requirement,^^ gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 
purpose ... and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

B. The Data and Documentary Evidence Supporting a Patentable Utility 

Appellants submit that the mixed lymphocyte reaction (MLR) assay described in 
Example 74 is sufficient to estabUsh patentable utility under 35 U.S.C. §101 for the PR0217 
polypeptide. The positive result for PR02 1 7 in the MLR assay, described in Example 74, at 
pages 208-209 of the specification, demonstrates that PR0217 is active as a stimulator of the 
proliferation of stimulated T-lymphocytes. 

The MLR is a well-established assay for evaluating test compounds, such as the PR0217 
polypeptide, for their ability to stimulate T-lymphocyte proliferation in vitro, and consequently, 
for assessing the immune response of an individual. The MLR assay is well-described in 
standard textbooks, including, for example, Current Protocols in Immunology, unit 3.12; edited 
by J E Coligan, A M Kruisbeek, D H Marglies, E M Shevach, W Strober, National histitutes of 
Health, Pubhshed by John Wiley & Sons, Lie, which is referenced in Example 74, and the entire 
content of which is expressly incorporated by reference into the disclosure of the present 
application (see page 208, hnes 33-35). In brief, in this method, an immune response results 
upon mixing T-cells fi-om antigenically distinct individuals under cell culture conditions. An 
MLR reaction can be monitored quantitatively by, for example, following the incorporation of 

M.P.E.P. §2107.01. 
M.P.E.P. §2107 II (B)(1). 
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tritiated thymidine during DNA synthesis, or by observing blast formation, or by other methods 
well known in the art. 

According to the specification, positive increases over control in this assay are considered 
to be positive results, with increases of greater than or equal to 180% being preferred. However, 
any value greater than control indicates a stimulatory effect for the test protein. PR0217 (SEQ 
ID NO: 4) tested positive in this assay, using the described criteria. Example 74 further explains 
that compounds which stimulate proliferation of lymphocytes in this assay "are useful 
therapeutically where enhancement of an immune response is beneficial." Accordingly, PR0217 
has utility in the treatment of conditions where the stimulation of lymphocyte proliferation would 
be desirable. 

hi support of this assertion. Appellants submit that the MLR assay has been extensively 
used and is the best in vitro model for screening immimosuppressive agents for use in the 
prevention of graft- versus-host disease and graft rejection. It is well known that the 
transplantation of tissues or organs between individuals with MHC incompatibilities quickly 
activates the recipient's immune system which then attempts to destroy the transplanted tissue or 
organ. Transplantation across minor histocompatibility loci generally induces a more indolent 
response. Physicians analyze the major and minor histocompatibility differences to predict the 
success of the graft and to adjust the aggressiveness of immunosuppressive therapy. 

Inhibitors of the MLR find utility in suppressing unwanted immune response, and thus 
suppress unwanted graft rejection. For example, the ability of tepoxalin, an immunomodulatory 
compound, to suppress graft-versus-host reaction, has been demonstrated using the MLR assay 
(Fung-Leung et al., Transplantation 60:362-8 (1995); submitted with the Response filed 
September 8, 2003). Other immunosupressants have also been routinely identified using the 
MLR assay. For example, the immunosuppressive efficacy of SNF4435 and D, produced by a 
strain of Streptomyces spectabilis, has been tested using the MLR assay. As recently as 2002, the 
immunosuppressive effect of tautomycetin (TMC) was assessed with mixed lymphocyte 
reactions, and confirmed in vivo using TMC-treated rats that received a heterotopic cardiac 
allograft (Shim et al, Proc. Natl Acad. Sci USA 99(16):10617-10622 (2002); made of record in 
the Response filed September 8, 2003), Based upon the MLR data, the authors were able to 
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conclude with confidence that "TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proHferation." (See page 10621, second column). 

Thus, the art as a whole clearly establishes that the mixed lymphocyte reaction (MLR) is 
a widely used in vitro assay for identifying immunomodulatory compounds . 

In further support of utility based upon the MLR assay. Appellants have submitted (with 
their Preliminary Amendment filed July 12, 2004) the Declaration of Sherman Fong, Ph.D. Dr. 
Fong is an inventor of the above-identified patent application, and an experienced scientist 
familiar with the MLR assay, which was used by him and others under his supervision, to test the 
immune stimulatory or immune inhibitory activity of novel polypeptides discovered in 
Genentech*s Secreted Protein Discovery Initiative project, including PR0217. 

The Fong Declaration explains how the MLR reaction was performed in the instant 
appHcation using peripheral blood mononuclear cells (PBMCs), which contain responder T-cells, 
and allogenic, pre-treated (irradiated) PBMCs, which predominantly contained dendritic cells. 
Dr. Fong proceeds to explain (paragraph 7 of the Declaration) that dendritic cells are potent 
antigen-presenting cells that are able to "prime native T cells in vivo" Once activated by 
dendritic cells, the T-cells are capable of interacting with other antigen-presenting cells (B cells 
and macrophages) to produce additional immune responses from these cells. 

As Dr. Fong states, the MLR assay of the present application 

is designed to measure the ability of a test substance to "drive" the dendritic cells 
to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to 
respond to a particular antigen that may not have been immunologically active 
previously. (Paragraph 8 of the Fong Declaration.) 

As Dr. Fong emphasizes, immunostimulants are important and highly desirable in the 
treatment of cancer and in enhancing the effectiveness of previously identified treatments for 
cancer. Supportive evidence also comes from teachings in the art such as Steinman et al 
(submitted as Exhibit B with the Preliminary Amendment filed July 12, 2004) who state that 
"...medicine needs therapies that enhance immunity or resistance to infections and tumors" 
(page 1, column 1, line 7; emphasis added). 
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In paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical 
appUcations for iimnune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay. As Dr. Fong explains, 

"IL-12 is a known immune stimulant, which has been shown to stimulate T-cell 
proliferation in the MLR assay. IL-12 was first identified in just such an MLR 
[Gubler et al. PNAS 88, 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers fi-om the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immune stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. .Toumal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)] They 
extracted circulating white blood cells carrying one or more markers of melanoma 
cells, isolated the antigen, and returned them to the patients. Normally patients 
would not have an immune response to his or her own human antigens. The 
patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by 
dendritic cells. Due to the immune stimulatory effect of IL-12, the treatment 
provided superior results in comparison to earlier work, where patients' own 
dendritic cells were prepared from peripheral blood mononuclear cells (PBMCs), 
treated with antigens, then cultured in vitro and returned to the patient to stimulate 
anti-cancer response. [Thumer et al. J. Exp. Med. 190 (1 1), 1669-78 (1999) 
(Exhibit E)]." 

Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present application, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant." 

Accordingly, the positive results obtained in this assay clearly establish the 
immunostimulant utility for the polypeptides claimed in the present application, and the 
specification, in tiim, enables one skilled in the art to use the compounds for the asserted 
purpose. 

The Examiner has asserted that "the specification fails to provide any data or evidence of 
the results of the assay, therefore, one of ordinary skill in the art cannot evaluate the conclusion." 
(Page 5 of the Office Action mailed October 1, 2004). Appellants respectfiilly submit that the 
specification clearly discloses that PR0217 tested positive in the MLR assay. The Fong 
Declaration reinforces the teachings of the specification that a PRO polypeptide with an activity 
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in the MLR assay of at least 180% of the control is expected to have the type of activity exhibited 

by IL-12, and would therefore find practical utility as an immune stimulant. 

Appellants respectfully submit that the Examiner seems to be applying a heightened 

utility standard in this instance, which is legally incorrect. The Examiner appears to ignore the 

teachings within an expert's declaration without anv basis, or without presenting any evidence to 

the contrary . Appellants respectfully draw the Board's attention to the Utility Examination 

Guidelines (Part IIB, 66 Fed. Reg. 1098 (2001)) which state that: 

"Office personnel must accept an opinion from a qualified expert that is based 
upon relevant facts whose accuracy is not being questioned; it is improper to 
disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered". 

Thus, barring evidence to the contrary, Appellants maintain that the positive resuh for PR0217 
in the MLR assay is significant , and forms the basis for the utility claimed herein. 

The Examiner has further asserted that "the ability of a protein to stimulate lymphocyte 
proliferation in this assay does not support a specific and substantial utility for the claimed 
invention. The ability to stimulate or inhibit lymphocyte proliferation in the MLR assay is an 
artificial in vitro system and does not provide for what specific conditions or for which specific 
diseases the claimed invention would predictably function. The assertion that the claimed 
invention could be useful for the treatment of conditions where the enhancement of the immune 
response would be beneficial ... is not specific since there are many such conditions, and it is not 
predictable of which conditions the claimed invention may function, if any." (Page 3 of the 
Office Action mailed July 15, 2003). 

Appellants submit that the teachings of the specification are properly evaluated through 
the eyes of one skilled in the pertinent art at the effective filing date of the present application. In 
1998 it was well known in the art, as it is today, that T-cells are highly important in the body's 
natural defense mechanisms for fighting infections. For example, viral infections, such as HIV 
infection, are well known to result in reduced T cell count. Indeed, the count of T-cell 
lymphocytes is a generally accepted measure of the extent and seriousness of HIV infection and 
resultant AIDS. Accordingly, stimulators of T-cell proliferation find utility in fighting viral 
infections, including retroviral infections, such as HIV infection or Epstein-Barr infection. 

It was also well known at the time of filing that T cells can recognize tumor antigens and 
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kill tumors. See, for example. Thumer et ai, J. Exp. Med. 190:1669-1678 (1999) (submitted as 
Exhibit E with the Preliminary Amendment filed July 12, 2004), which describes experimental 
procedures designed to treat melanoma by boosting the immune response. Accordingly, 
immunostimulant molecules such as PR0217 also have utility in the treatment of cancers such as 
melanoma. 

As discussed above, the legal standard is that in vitro results are acceptable to 
demonstrate utility. Further, the data derived from the MLR assay is "reasonably correlated" to 
the asserted pharmacological utility, because one of ordinary skill in the art would understand, 
based upon the discussion above, that molecules showing immunostimulant activity as measured 
in the MLR assay would be useful in the treatment of conditions where the stimulation of 
lymphocyte proliferation would be desirable, including viral infections such as HIV and Epstein- 
Barr, and cancers such as melanoma. Accordingly, a valid case for utility has been made and 
would be considered credible by a person of ordinary skill in the art. 

C. A prima facie case of lack of utility has not been established 

The Examiner has asserted that the data derived from the MLR assay is not correlated to 
pharmacological utility, because the MLR assay is allegedly not predictive of the general immune 
response. In particular, the Examiner has asserted that "the results of the MLC (a.k.a. MLR) 
assay do not support a specific and substantial utility for the claimed invention because the assay 
is not predictive of inunune response in general, and one of ordinary skill in the art would not 
expect a stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the 
immune system, absent evidence to the contrary." (Page 6 of the Office Action mailed October 
1, 2004). In support of this assertion, the Examiner has cited the immunology texts "Basic and 
CKnical Immunology" and "Manual of Clinical Laboratory hnmunology," as well as references 
by Kahan et al., Picotti et al and Campo et al 

Appellants submit that the Examiner has misinterpreted the focus of the assay disclosed 

in the specification. The purpose of the assay is not to test the properties of the stimulator cells, 

as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to enhance the 

expected response of the T cells, thus demonstrating general immunostimulant activity. 

Appellants fixrther submit that the Examiner has not correctly characterized the teachings of 

Kahan et al, Picotti et al and Campo et al These references, in combination with those cited by 
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Appellants, demonstrate the art as a whole recognizes that the mixed lymphocyte reaction (MLR) 
is in fact a widely used in vitro assay for identifying immunomodulatory compounds. 

1 . The MLR assay is used to demonstrate general immunostimulant activity of the 
test protein PR021 7 

In support of the rejection, the Examiner goes into considerable detail explaining the 
mechanism of the MLR, also known as the mixed lymphocyte culture (MLC) assay. The 
Examiner's primary point is that the MLR assay allegedly has not been shown to be predictive for 
general immune responses in vivo because it is a special case of antigen stimulation in which T 
lymphocytes respond to foreign histocompatibihty antigens on unrelated lymphocytes or 
monocytes. According to the Examiner, this "reaction is not predictive of general responses of 
the immune system because, in vivo, activation of a lymphocyte is controlled not only by antigen 
binding but also by interactions with other cells." 

Appellants respectfully point out that the MLR assay also depends upon the interactions 
of T lymphocytes with other cells, in particular, with the stimulator cells used in the described 
MLR protocol. As explained in the textbook "Basic and Clinical Immunology," cited by the 
Examiner, T cells cooperate with antigen presenting cells (page 31, col. 2) in vivo. The most 
potent antigen presenting cells are dendritic cells, which are the predominant cell type found in 
the irradiated stimulator cell population, as explained in the Fong Declaration (see paragraphs 5- 
6). Thus the MLR assay does measure the interaction of T-lymphocytes with other cells, and 
therefore is a valid predictive model system in this respect. 

The Examiner has further asserted that "[t]he ability of the claimed invention to stimulate 
proliferation in the MLC assay may not be a general stimulus to lymphocyte proliferation, but 
rather a reaction to one of the MHC antigens on the responder cell." (Page 5 of the Office Action 
mailed October 1, 2004). Appellants submit that the Examiner appears to have misinterpreted 
the intent of the assay. It is understood that, as the Examiner has stated, the MLR is based upon 
an allogenic response. Thus the mixing of the stimulator and responder cells is expected to lead 
to T cell prohferation even in the absence of any test protein. However, the point of the assay is 
not to measure the degree to which the stimulator cells induce proliferation of the responder 
cells. Rather, the point is to measure the extent to which the test protein can enhance the 
expected proliferation of the stimulated T cells. 
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This misunderstanding is further demonstrated in the Examiner's discussion of 
supposedly "essential" controls. The Examiner has asserted that "there are several controls which 
the art recognizes as being essential for meaningful results for this assay, including autologous 
controls, a control to determine maximum response, screening for possible HLA antibodies and 
growth support capabilities" as well as internal controls to account for inherent variability of 
individual cellular responses. (Page 5 of the Office Action mailed October 1, 2004). Appellants 
submit that these controls are only needed when the purpose of carrying out the MLR assay is to 
evaluate the properties of the stimulator cells. As shown, for example, in Figure 16-4 of "Basic 
and Clinical Immunology, cited by the Examiner, the comparisons to mismatched (maximum 
response) and autologous (background) controls allow one to determine the degree of HLA class 
n antigen similarity between the stimulator cells and the responder cells. Such determinations, 
however, are not relevant to the MLR assay of Example 74. 

The purpose of the assay disclosed in the instant specification, as discussed above, is to 
characterize not the stimulator cells, but the test proteins, such as PR0217. The precise extent to 
which the stimulator cells stimulate the responder cells is not significant; what matters is the 
degree to which the test protein increases this response. The extent to which the test protein 
increases the response of the T cells is measured by comparison to a negative control reaction, 
which uses either cell culture medium, or a non immunostimulant molecule, CD4-IgG, as a 
negative control. Because the response in the test reaction is compared to a negative control 
reaction, and because both reactions use the same stimulator and responder cells at the same 
time, additional controls to determine the precise properties of these cells are not required. 

2. The art recognizes the MLR as an in vitro assay useful for identifying compounds 
with immunomodulatory activity in vivo 

hi support of the assertion that "the MLC assay, which is art recognized for determining 
histocompatibility, does not appear to be predictive of general immune response in vivo,'' the 
Examiner has cited references by Kahan et a/., Picotti et al and Campo et al (See page 5 of the 
Office Action mailed July 15, 2003). All three references study allograft rejections and 
immunosuppression of graft rejection using test compounds studied in vitro. 

As a preliminary matter. Appellants submit that, as discussed above, the evidentiary 
standard to be used throughout ex parte examination of a patent application is a preponderance of 
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the totality of the evidence under consideration. Accordingly, Appellants submit that in order to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. With respect to asserted therapeutic utilities based 
upon in vitro data, an applicant "does not have to prove that a correlation exists betv^^een a 
particular activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty."'* The law requires only that one skilled in the art should accept that such a correlation 
is more likely than not to exist. Appellants respectfully submit that when the proper evidentiary 
standard is applied, a correlation must be acknowledged. 

The Examiner cited Kahan et al. as stating that "no in vitro immune assay predicts or 
correlates with in vivo immunosuppressive activity; there is no surrogate immune parameter as a 
basis of immunosuppressive efficacy and/or for dose extrapolation from in vitro systems to in 
vivo conditions." (Page 4 of the Office Action mailed July 15, 2003). Appellants respectfiiUy 
note that the asserted utility for the claimed PR0217 polypeptides is as an immunostimulant. not 
an immunosuppressor. The Examiner has asserted that "if one of ordinary skill in the art 
concluded that an in vitro immune assay was not predictive or correlative of immunosuppression, 
they are also likely to conclude that the same assay is not predictive or correlative with 
immunostimulation, absent evidence to the contrary." (Page 2 of the Advisory Action mailed 
November 19, 2003). Appellants submit that, as discussed above, the art as a w hole clearly 
establishes that the mixed Ivmphocvte reaction (MLR) is a widely used i n vitro assay for 
identifydng immunomodulatory compounds, as demonstrated by the examples of tepoxalin, 
tautomycetin, and IL-12. Further, Picotti et al., cited by the Examiner, provides evidence that a 
molecule which does not show the predicted activity in the specific pathway of graft versus host 
interaction, may still have general immunomodulatory activity. 

The Examiner cited Picotti et al. as demonstrating that "IL-12 enhances alloantigen- 
specific immune function as determined by MLC, but this result in vitro does not result in a 
measurable response in vivo (i.e. failure to accelerate graft rejection)." Appellants first note that 
the asserted utility of PR0217 is not accelerated allograft rejection, which is hardly a process that 



M.P.E.P. 2107.03 
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medical practitioners would wish to accelerate. Thus the fact that IL-12 does not accelerate 
allograft rejection is not relevant to the utility of PR0217. Nor is the failure of E.-12 to 
accelerate allograft rejection an indication that IL-12 does not possess general immunostimulant 
properties in vivo, Picotti et al confirm that "IL-12 is also a key cytokine involved in promoting 
cell mediated immune responses in vivo" (page 1459, col. 1). The fact that a molecule such as 
IL-12 that has known in vivo immunostimulant properties does not accelerate graft rejection 
supports Appellants* argument that graft rejection is a specific pathway that does not necessarily 
' reflect general immunoregulatory fiinction. Picotti et al draw a similar conclusion, suggesting 
that "the magnitude of Thl -driven alloimmune response may not correlate directly to the severity 
of graft rejection," perhaps because Th2-driven immune responses are more relevant to graft 
rejection (page 1459, col. 2). 

The Examiner has fiirther asserted that Campo et al "demonstrate that while zinc 
suppresses alloreactivity in MLC, it does not decrease T-cell proliferation in vitro nor produce 
immunosuppressive effects in vivo, (Page 5 of the Office Action mailed July 15, 2003). 
Appellants respectfiiUy point out that the Examiner has misinterpreted this statement, due to the 
fact that the authors refer to two different tvpes of immunosuppressive effects . Campo et al set 
out to look for an inhibitor of MHC in vitro which would have the fewest side effects in vivo (see 
Abstract). The authors note that high concentrations of zinc "impair all T cell and monocyte 
fiinction" (page 20; emphasis added). The authors took this impairment as an indicator of 
toxicity, and therefore intentionally used concentrations of zinc below that at which all T-cell 
function was impaired, in order to identify a concentration range that would not result in toxic 
effects. However, that does not mean that Campo et al found zinc to have no 
immunosuppressive activity in vivo. In fact, the authors conclude, based upon their MLC results, 
that "zinc could become an immunosuppressant in transplantation medicine without toxic 
side effects" (page 21; emphasis added). Thus Campo et al supports Appellants' position that 
those of skill in the art would interpret the results of MLC assays as having physiological 
relevance. 

Appellants note that the Examiner has failed to point out several instances within these 
cited references wherein the authors stated that the MLR is an important method with a good 
predictive value . For example, Campo et al teach that "the human mixed lymphocyte culture 

-21- 

On Appeal to the Board of Patent Appeals and Interferences 
Appellants* Amended Brief in Response to Notice of Non-Compliant Appeal Brief 

Application Serial No. 09/904,485 
Attorney's Docket No. 39780-1618 P2C7 



(MLC) is an important method to test donor-recipient compatibility in bone marrow 
transplantation. It could be shown that cytokine release, especially IFN-7, has a very good 
predictive value with regard to the transplantation outcome, as cytokines play a major role in 
the generation of an alloreactive immune response and for the induction of graft rejection in 

vivo Landolfo et al inhibited T-cell reactivity by the addition of anti-IFN-y both in vitro and 

in vivo'' (see page 18; emphasis added). Further, Picotti et al. shov^ed that the IL-12R^1 subunit 
was critical for IL-12 driven enhanced alloimmune response in vitro and in vivo (see abstract). 
Thus, while there are instances of unpredictability using the MLR assay, there are many studies 
showing predictable results, including studies from Picotti, Landolfo and the IFN-7 study. 
Finally, Campo et al teaches that "cyclosporin A, FK506, and other substances are used to 
prevent graft rejection. In vitro experiments revealed an inhibition of the MLC" (page 16). 
Thus the teachings of Campo et al confirm that inhibition of the MLR is observed for known 
immunoinhibitory molecules, that are in actual clinical use . 

In summary. Appellants respectfiiUy submit that the Examiner has not shown that a lack 
of correlation between results of the MLR assay in vzYro and immunomodulatoiy activity in vivo 
is typical . In fact, Picotti et al and Campo et al support Appellants' position that it is more 
likely than not that the in vitro MLR assay can be successftiUy used to identify compounds 
having immunomodulatory activity in vivo. The Patent Office has failed to meet its initial 
burden of proof that Appellants* claims of utility are not substantial or credible. 



D. The Fong Declaration supports "real world" utility for proteins that test 
positive in the MLR assay 

The Examiner has asserted that "[t]he [Fong] Declaration under 37 CFR 1.132 filed 12 

July 2004 is insufficient to overcome the holding of lack of utility based on results of the MLR 

assay." In particular, the Examiner takes issue with Dr. Fong's statement that "[t]he MLR assay 

of the present apphcation is designed to measure the ability of a test substance to "drive" the 

dendritic cells to induce the proliferation of T-cells that are activated, or co-stimulated in the 

MLR, and thus identifies immune stimulants that can boost the immune system to respond to a 

particular antigen that may not have been immunologically active previously." The Examiner 
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states that "[t]his is not what the instant specification asserts at pages 208-209. There is no 
mention in the instant specification about boosting the immune system 'to respond to a particular 
antigen that may not have been immunologically active previously.'* The Examiner asserts that 
"Dr. Fong is reading the results of the Peterson et al. reference into the disclosure of the instant 
specification," and that because this reference was not available at the time the instant application 
was filed, "reliance on the methods and results of this reference is improper." (Page 6 of the 
Office Action mailed October 1, 2004). 

Appellants submit that the statements of Dr. Fong regarding the purpose of the MLR 
assay described in the instant specification are not based upon the Peterson et al. reference, but 
upon evidence regarding the properties of antigens and antigen presenting cells that was well 
know in the immunological art at the time the instant application was filed. 

The specification discloses that the stimulator cells used in the MLR assay were treated 

with 3000 Rads of radiation. As explained in the Fong Declaration, 

This irradiation is done in order to create a sample of cells that has mainly 
dendritic cells. It is known that the dendritic cell population among the PBMCs 
are differentially affected by irradiation. At low doses (500-1000 Rad), the 
proliferation of most cells, including the B cells in the PBMCs, is preserved, 
however, at doses above 2000 Rad, this fiinction of B cells is abolished. Dendritic 
cells on the other hand, maintain their antigen presentation fimction even at a 
3000 Rad dose of radiation. 

Thus one of ordinary skill in the art, upon reading that the cells were treated with 3000 Rads, 
would have understood that, as a consequence of that treatment, the stimulator cells would be 
predominantly dendritic cells (DCs). 

It was well known at the time of filing that, as disclosed in Steinman et al, "[t]he best 
studied function of DCs is to convert antigens into immunogens for T cells" (Abstract). 
Appellants note that while the article by Steinman et al was published in 2000, it is a review 
article that summarizes previous findings in the field, and cites articles on dendritic cells fi-om 
1997 and 1998 (page 586, col. 2). Thus Steinman et al provide an accurate indication as to what 
was known in the art at the instant appUcation's asserted priority date of September 1998. 

It was also the case that "protein antigens often are known for a tumor-like melanoma, or 
for a virus like HIV-1 whose genetic sequence has been available," but that these antigens 
needed to become immunogenic, that is, capable of inducing a T cell response (Steinman et 
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al, page 585, col. 1; emphasis added). The use of DCs in therapeutic treatment for melanoma 
was already being tested in clinical trials around the priority date of the instant application, as 
evidenced, for example, by Thumer et al, whose results were completed and pubHshed by 1999. 
Steinman et al further disclose that "[i]n order for an antigen to become a strong inmiunogen, 
one needs to provide a stimulus for the final maturation of the DCs," explaining that most DCs in 
the body "are in an immature state and lack features leading to a strong T cell response" 
(page 585, col. 2; emphasis added). 

Thus one of skill in the art would have understood at the time of filing that ffl molecules 
which enhanced the proliferation of stimulated T-cells would increase the ability of DCs to 
convert antigens to immunogens. and (ii) such stimulatory molecules would allow antigens that 
were not usually immunogenic, such as the melanoma or viral antigens described above, to 
become immunogenic. Therefore, while the specification does not use the precise language that 
the purpose of the MLR assay was to identify molecules capable of boosting the immune system 
"to respond to a particular antigen that may not have been immunologically active previously," 
the structure of the assay, which is designed to find molecules that increase DC-induced T-cell 
proliferation, is clearly intended to find precisely such molecules. This conclusion would have 
been apparent to the skilled artisan based solely upon knowledge about DCs and their role in 
antigen presentation that was widely known in the art at the time of filing. 

The Examiner has also disputed the relevance of the Gubler et al article, cited by Dr. 
Fong in his Declaration as providing an example in which the MLR assay was used to identify a 
molecule, IL-12, that was proven to also have in vivo immunostimulant activity. The Examiner 
has asserted that "a review of Gubler et al does not reveal the use of MLR in evaluating the 
biological effects of IL-12" and adds that "further work of researchers regarding IL-12 was not 
based on the results of a single assay, being the MLR, but rather by a body of work which 
provides for a number of biological activities of IL-12, which are not disclosed for the claimed 
invention". (Page 7 of the Office Action mailed October 1, 2004). 

Gubler et al identified CLMF (Cytokine Lymphocyte Maturation Factor), a 
heterodimeric lymphokine, and designated it as interleukin 12. Gubler et al reported the 
molecular cloning and expression of CLMF (see column 1, last line and Materials and Methods), 
and performed two biological assays: (i) the T-cell growth factor assay (see Table 1 and Fig. 3 
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(upper panel) and (ii) the LAK (lymphokine activated killer) cell induction assay. In the T-cell 
growth factor assay, PHA-activated lymphoblasts prepared from human PBMCs were used to 
measure lymphoblast proliferation in a tritiated thymidine assay very similar to the instant MLR 
assay (see legend of Table 1). Table 1 summarizes the results and demonstrates that the two 
subunits, 35 kDa and ,40 kDa of CLMF together showed the highest incorporation (58,615 cpm 
and 38,361 cpm incorporation for 1:20 and 1:100 dilution). As Gubler et al discloses in column 
1, page 4143: "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo. This led to the identification of a factor, designated CLMF". 

Therefore, while Gubler et al did not use the same MLR assay as disclosed in the instant 
specification, they used a similar in vitro assay of T-cell proliferation, confirming Appellants* 
assertion that such in vitro svstems are predictive of in vivo efficacy . Further, Appellants submit 
that the "body of work" performed by Gubler et al was CLMF cDNA cloning, expression, and 
computer searches for homology, which are routine experiments done to characterize any novel 
protein and do not represent "a number of biological activities." The only other biological assay 
performed in this study was the "LAK cell induction assay"discussed above. The activation of 
lymphocytes in an m vitro T-cell proliferation assay similar to the MLR assay was sufficient for 
the authors to conclude that CLMF/IL-12 was an immunoenhancing a gent that could be 
administered in vivo . 

The Examiner asserts that there is allegedly "no evidence of record which correlates an 
activity of at least 180% of control as predictive of an activity of IL-12. It is not clear firom what 
data this conclusion is derived. Therefore, the Declaration is not persuasive to overcome the 
holding of a lack of utility for the claimed invention based on the MLR assay" (Pages 7-8 of the 
Office Action mailed October 1, 2004). 

The case law has clearly established that in considering affidavit evidence, the Examiner 
must consider all of the evidence of record anew.*^ "After evidence or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 

In re Rinehart, 531 F.2d 1084, 189 U.S.P.Q. 143 (CC.P.A. 1976) and/n re Piasecki, 745 F.2d. 1015, 
226 U.S.P.Q. 881 (Fed Cir, 1985). 
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preponderance of the evidence with due consideration to persuasiveness of argument" 
Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason why 
opinion evidence relating to a fact issue should not be considered by an examiner"^ \ Appellants 
also respectfully draw the Examiner's attention to the Utility Examination Guidehnes^^ which 
state, "Office personnel must accept an opinion from a qualified expert that is based upon 
relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 
solely because of a disagreement over the significance or meaning of the facts offered." The 
statement in question from an expert in the field (the Fong Declaration) states that "(i)t is my 
considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation in 
the MLR assay of the present invention with an activity of at least 180% of the control is 
expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidelines. 

For the reasons given above. Appellants respectfiiUy submit that the results of the MLR 
assay as shown in Example 74 of the present specification, and first disclosed in U.S. Provisional 
Application No. 60/100,858, filed September 17, 1998, provide a specific, substantial and 
credible utility under 35 U.S.C. §101 for the claimed invention. Accordingly, Appellants 
respectfiiUy request that the subject matter of the instant claims be granted the September 17, 
1998, priority date of U.S. Provisional Application No. 60/100,858. 

ISSUE II: Claims 39-43 and 50-51 satisfy the enablement requirement of 35 USC §112, 
first paragraph. 

Claims 39-43 and 50-51 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
"because the specification, while being enabling for an isolated polypeptide having at least 80% 
amino acid sequence identity to the polypeptide of SEQ ID N0:4 or the mature form thereof, which 

In re Alton, 37 U.S,P.Q.2d 1578 (Fed. Cir 1966) at 1584 quoting In re Oetiker, 977 F.2d 1443, 1445, 24 
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992)). 

^* In re Alton, supra. 

Part IIB, 66 Fed. Reg. 1098 (2001). 
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isolated polypeptide inhibits VEGF stimulated proliferation of adrenal cortical capillary endothelial 
cells, does not reasonably provide enablement for a polypeptide not identical to at least the mature 
form of SEQ ID N0:4 which is capable of stimulating prohferation of T-lymphocytes." (Page 8 of 
the Office Action mailed October 1, 2004). 

The Examiner has asserted that "the basis for this limitation is found in Example 74, which 
has been shown not to, support utility for the claimed invention, and therefore, is likewise, not 
enabled." (Page 7 of the Office Action mailed July 15, 2003). 

In this regard, Appellants refer to the arguments and information presented above in 
response to the issue of utility, wherein those arguments are incorporated by reference herein. 
Appellants submit that, as discussed above, the MLR assay demonstrates utility for the PR0217 
polypeptide for the treatment of conditions where the stimulation of lymphocyte proliferation 
would be desirable, including viral infections such as HIV and Epstein-Barr, and cancers such as 
melanoma. Based on such a utility, one of skill in the art would know exactly how to use the 
claimed polypeptides for the treatment of conditions where enhancement of an immune response 
is beneficial, without any undue experimentation. 

Appellants note that the claimed variants all share the fimctional limitation that "the 
polypeptide is capable of stimulating prohferation of T-lvmphocvtes ." Example 74 of the present 
application provides detailed protocols for the MLR assay, including the extensive step-by-step 
guidance fi-om Current Protocols in Immunology, which is explicitly incorporated into the 
specification by reference. By following the disclosure in the specification, one skilled in the art 
can easily test whether a variant PR0217 polypeptide is capable of stimulating proliferation of T- 
lymphocytes. The specification fiirther describes methods for the determination of percent 
identity between two amino acid sequences. (See page 67, line 34, to page 69, line 24). In fact, 
the specification teaches specific parameters to be associated with the term "percent identity" as 
applied to the present invention. The specification fiirther provides detailed guidance as to 
changes that may be made to a PRO polypeptide without adversely affecting its activity (page 
1 12, line 37 to page 115, line 8). This guidance includes a fisting of exemplary and preferred 
substitutions for each of the twenty naturally occurring amino acids (Table 6, page 1 14). 
Accordingly, one of skill in the art could identify whether a variant PR0217 sequence falls 
within the parameters of the claimed invention. Once such an amino acid sequence is identified, 
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the specification sets forth methods for making the amino acid sequences (see page 1 12, Une 37 
to page 1 16, line 35) and methods of preparing the PRO polypeptides (see page 116, line 37 and 
onward). 

Therefore, Appellants respectfully submit that the specification provides ample guidance 
such that one of skill in the art could readily test a variant polypeptide to determine whether it is 
capable of stimulating proliferation of T-lymphocytes by the methods set forth in Example 74. 
Furthermore, one of ordinary skill in the art has a sufficiently high level of technical competence 
to identify sequences with at least 80% identity to SEQ ED N0:4. Accordingly, one of ordinary 
skill could practice the claimed invention without undue experimentation. 

The claims currently recite polypeptide sequences associated with a specific biological 
activity. This biological activity together with the well defined relatively high degree of 
sequence identity and general knowledge in the art at the time the invention was made, 
sufficiently defines the claimed genus such that, one skilled in the art, at the effective date of the 
present application, would have known how to make and use the claimed polypeptide sequences 
without undue experimentation. As the M.P.E.P. states, "[t]he fact that experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 

23 

experimentation." 

As discussed above, a considerable amount of experimentation is pemiissible, if it is 
merely routine. Applicants submit that the identification of variant PR0217 polypeptides having 
at least 80% identity to SEQ ID N0:4, wherein the polypeptide is capable of stimulating 
proliferation of T-lymphocytes, can be performed by techniques that were well known in the art at 
the priority date of this application, and that the performance of such work does not require 
undue experimentation. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 39-43 and 50-51 under 35 U.S.C. §112, first paragraph. 



M.P.E.P. §2164.01 citing In re Certain Limited-charge Cell Culture Microcarriers, 111 U.S.P.Q. 1 165, 
1 174 (Int'l Trade Comm'n 1983), aff sub nom. Massachusetts Institute of Technology v. A.B. Fortia, 114 F,2d 1 104, 
227 U.S.P.Q. 428 (Fed. Cir. 1985).^ 
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ISSUE III: Claims 39-43 are not anticipated under 35 U.S.C. SI 02 by Hsieh et a/.or Brewer 
g/g/.. WO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. § 102(a) as allegedly being anticipated by 
Hsieh et al. (Nature 398:431-436, published April 1, 1999) which discloses an amino acid 
sequence having 99.7% sequence identity to SEQ ID N0:4 of the present application. 

Claims 39-43 further stand rejected under 35 U.S.C. §102(b) as allegedly being 
anticipated by Brewer et al. (WO 98/54963, published December 10, 1998), which discloses a 
amino acid sequence having over 99% identity to SEQ ID N0:4 of the present appHcation. 

Appellants submit that, as discussed above regarding the utility and enablement 
requirements of 35 U.S.C. §101 and 35 U.S.C. §112, first paragraph, (Issue I and Issue II), the 
results of the MLR assay (Example 74) establish a credible, substantial and specific asserted 
utility for the claimed PR0217 polypeptides. These results were first disclosed in U.S. 
Provisional Application Serial No. 60/100,858, filed on September 17, 1998. As discussed 
above, the disclosure of the instant application, which is similar to that of the earlier-filed 
application (U.S. Provisional Application Serial No. 60/100,858), provides the support required 
under 35 U.S.C. §112 for the subject matter of the instant claims. Accordingly, Appellants 
submit that the subject matter of the instant claims is disclosed in the manner provided by 35 
U.S.C. §112 in U.S. Provisional Application Serial No. 60/100,858. Therefore, the effective 
filing date of this application is September 17, 1998, the filing date of U.S. Provisional 
Application Serial No. 60/100,858. 

The journal article by Hsieh et al. was published on April 1, 1999, which is over six 
months after the effective filing date of the instant appUcation; hence Hsieh et al. is not prior art. " 

The PCT patent application by Brewer et al, WO 98/54963, was published on December 
lb, 1998, which is over two months after the effective fihng date of the instant application; hence 
Brewer et al. is not prior art. 

The Examiner has asserted that "a review of the instant application and this [MLR] assay 
do not lead to a conclusion of utility based on this assay, and therefore, priority to this 
provisional application is not afforded." (Page 2 of the Office Action mailed July 15, 2003). 

In this regard. Appellants refer to the arguments and information presented above under 
Issue I and Issue n with respect to utility and enablement. These arguments are incorporated by 
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reference herein. Appellants respectfully submit that as described above under Issue I, the data 
from the MLR assay disclosed in Example 74 provides a specific, substantial and credible utility 
for the claimed invention and, therefore, the present specification teaches one of ordinary skill in 
the art "how to use" the claimed invention without undue experimentation, as described above. 

Accordingly, Appellants respectfully request reconsideration and reversal of the rejection 
of Claims 39-43, 52 and 54-58 under 35 U.S.C. §102(b) as being anticipated by Hsieh et al or 
Brewer et aL 

ISSUE IV: Claims 44-46 and 49 are not made obvious under 35 U.S.C> $1 03(a) by Hsieh et 
alor Brewer et al. WO 98/54963 

Claims 44-46 and 49 stand rejected under 35 U.S.C. §102(a) as anticipated by, or in the 
altemative, under 35 U.S.C. § 103(a) as obvious over Hsieh et al (Nature 398:431-436; pubHshed 
April 1, 1999). Claims 44-46 and 49 further stand rejected under 35 U.S.C. §102(b) as 
anticipated by, or in the altemative, under 35 U.S.C. §103(a) as obvious over Brewer et al (WO 
98/54963, pubUshed December 10, 1998). 

As discussed above under Issue EI, the instant application is entitled to the priority date 
of September 17, 1998. These arguments are incorporated by reference herein. Therefore, 
neither Hsieh et al nor Brewer et al is prior art . 

Accordingly, Appellants respectfully request reconsideration and reversal of the rejection 
of Claims 44-46 and 49 under 35 U.S.C. § 103(a) as being anticipated by or obvious over Hsieh et 
al or Brewer et al 
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CONCLUSION 

For the reasons given above, Appellants submit that the MLR assay disclosed in Example 
74 of the specification provides at least one patentable utility for the PR0217 polypeptides of 
Claims 39-46 and 49-51, and that one of ordinary skill in the art would understand how to used 
the claimed polypeptides, for example in therapeutic applications where enhancement of an 
immune response is beneficial, such as the treatment of viral infections or cancer. Therefore, 
Claims 39-46 and 49-51 meet the requirements of 35 USC §101 and 35 USC §112, first 
paragraph. Further, this patentable utility for the claimed polypeptides was first disclosed in U.S. 
Provisional Apphcation Serial No. 60/100,858, filed on September 17, 1998, priority to which is 
claimed in the instant application. Accordingly, the instant application has an effective priority 
date of September 17, 1998, and therefore Hseih et al, pubhshed on April 1, 1999, and Brewer et 
al, WO 98/54963, published December 10, 1998, are not prior art and do not anticipate the claims 
under 35 USC §102(a) or (b), or render the claims obvious under 35 USC §103(a). 

. Accordingly, reversal of all the rejections of Claims 39-46 and 49-51 is respectfully 
requested. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641 (referencing Attorney's Docket No. 
39780-1618 P2C7) . 

RespectfiiUy submitted. 

Date: April 28, 2006 By:_ 



Barrie Greene (Reg. No. 46,740) 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, Cahfomia 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 
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8. CLAIMS APPENDIX 
Claims on Appeal 

39. An isolated polypeptide having at least 80% amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

40. The isolated polypeptide of Claim 39 having at least 85% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

41 . The isolated polypeptide of Claim 39 having at least 90% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide capable of stimulating proUferation of T-lymphocytes. 

42. The isolated polypeptide of Claim 39 having at least 95% amino acid sequence 
identity to: 
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(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

43. The isolated polypeptide of Claim 39 having at least 99% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

44. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited xmder ATCC accession number 209256. 

45. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide of SEQ ID N0:4. 

46. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide of SEQ ID N0:4, lacking its associated signal peptide. 

49. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 209256. 
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50. A chimeric polypeptide comprising a polypeptide according to Claim 44 fused to 
a heterologous polypeptide. 

5 1 . The chimeric polypeptide of Claim 50, wherein said heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin. 
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9. EVIDENCE APPENDIX 

1. Kahan, Barry D., "Immunosuppressive therapy," Curr. Opin. Immunol. 4:553-560 

(1992). 

2. Picotti, J.R. et al., "Interleukin-12 (IL-12)-driven alloimmune responses in vitro and in 
vivo," Transplantation 67:1453-1460 (1999). 

3. Campo, C.A. et al., "Zinc inhibits the mixed lymphocyte culture," Biological Trace 
Element Research, 79:15-22 (2001) 

4. Basic& Clinical Immunology, 8th edition, Sites, D.P. et al., Eds, Appelton & Lange, 
Norwalk, CT, 1994, pp. 30-31; 208-209; 246-247; 280. 

5". Fung-Leung, W-P. et al., "Tepoxalin, a novel immunomodulatory compound, 
synergizes with CsA in suppression of graft- versus-host reaction and allogenic skin graft 
rejection," Transplantation 60:362-368 (1995). 

6. Shim, J-H. et al., "Immunosuppressive effects of tautomycetin in vivo and in vitro via 
T cell-specific apoptosis induction," Proa. Natl. Acad. Sci. USA 99:10617-10622 (2002). 

7. DeclarationofShermanFong, Ph.D. under 35 C.F.R 1.1 32, with attached Exhibits A- 

E: 

A. Current Protocols in hnmunology. Vol. 1, Richard Coico, Series Ed., John Wiley & 
Sons, hic, 1991, Unit 3.12 

B. Steinman, R.M., "The dendritic cell advantage: New focus for immune-based 
therapies," Drug News Perspect. 13:581-586 (2000). 

C. Gubler, U. et al., "Coexpression of two distinct genes is required to generate secreted 
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4147(1991). 
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D. Peterson, A.C. et al, "Immunization with melan-A peptide-pulsed peripheral blood 
mononuclear cells plus recombinant human interleukin-12 induces clinical activity and T- 
cell responses in advanced melanoma," J. Clin. Oncol. 21:2342-2348 (2003). 

E. Thumer, B. et al., "Vaccination with Mage-3A1 peptide-pulsed mature, monocyte- 
derived dendritic cells expands specific cytotoxic T cells and induces regression of some 
metastases in advanced stage IV melanoma," / Exp. Med. 190:1669-1678 (1999). 

Items 1-4 were made of record by the Examiner in the Office Action mailed July 15, 2003. 

Items 5-6 were submitted with Appellants' Response filed September 8, 2003, and noted as 
considered by the Examiner in the Advisory Action mailed November 19, 2003. 

Item 7 was submitted with Appellants' Request for Continued Examination and Preliminary 
Amendment filed July 12, 2004, and noted as entered on the record by the Examiner in the Final 
Office Action mailed October 1, 2004. 
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1 0. RELATED PROCEEDINGS APPENDIX 



None. 
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Immunosuppressive therapy 

Barry D. Kahan 

The University of Texas Medical School Houston, Texas, USA 

Although Cyclosporin A has improved transplant outcome, its use 
has serious limitations duo to its narrow therapeutic window New 
approaches lo broaden this window exploit alternative drug formulations, 
pharmacokinetic profiling and new immunosuppressive agents such as 
Rapamycin and Brequinar, which act in a synergistic fashton. There is no 
evidence to suggest that the pharmacological alternative to Cyclosporin A. 
FK-50f> displays a broader therapeutic window, although it may be 
tenfold more potent. Similarly, despite the specificity of the lgC2a mouse 
anti-human C03 monoclonal antibody, it displays a significant: range ot 
clinical side effects, delayed therapeutic action and frequently :.l.mulates 
Keneration of human anti-mouse monoclonal antibodies. Recent advances 
in monoclonal antibody technology seek not only to produce antibod.es 
aeainst determihanu Involved in alloactivation, but also to -humanize 
th^ antibodies for reduced side effects. The availability of this array o 
potential agents highlights the need to develop guidelines for clinical 
trial methodologies to address the unique needs and demands of orgar> 
transplantation. 



Current Opinion in Immunology 1992, 4:555-560 



Introduction 



After thirty years of \ig()«)u.s but relatively' unproductive 
research, the field of iinmuno.suppressi\r drugs awak- 
ened foUowing the approval of two agents iliai, in con- 
irasl to the non selective drugs Azaihioprine (Aza) and 
corticusleroids, display relative!)' specific acUons on T 
cells. One of these, the fungal undecapeptidc Cyclosponn 
A (CsA), not onV improved clinical outcomes and broad 
ened the clinical settings in which transplants were suc- 
cessful, but also provided a unique tool for dissecUng 
activation mechanisms leading to lymphokine svoiihe- 
sis. Subsequent approval of the other agent, the IgG2a 
mouse monoclonal antibcxly (mAb) OKT.3. heralded 
the use of reagents that bind selcctK-c T cell surface? 
markers to modulate the immune response. The past 
decade has wimes.sed striking pa)gfess in the dc\\rl 
opmeni of ncAv phannacological agents (iMg. l). One 
Xroup inhibits lymphokine bios-ynthcsis, FK-506 or sig 
nal transduction. Rapiim>xin (KAPA). A sea>nd gmup 
is the nucleotide sv-nihesis inhibitors; Mizorbine [1 1 and 
RS614-43, a morphuiinoethyl ester analog of mywpheno- 
lie acid (MPA) [2-1. block purine saK-age pathway's ^^ilh 
the generation of guanasine monophosphate, and the 
quinoline carboxvlic acid Brcquinar (DQR) blocks the 
de now synthesui of pyrimidines [3**1. A diird group, 



new mAbs. recognizes specific surface epitopes on T 
cells and anligen piesenting cells (Fig. 2). Immunosup- 
pressivt; activit)' has been documented 14-91 with se\«ral 
mAl>s diat bind \:arious dctemninants as shown in Table 
1 Prok)nged graft survh-al has also been achievied with 
antibodies, or preferably ihdr F(ab')2 fragments, directed 
towards class I [10] or class II NlllC antigens. A refine- 
ment of mv\b technologv' is the production of immuno- 
toxins. Ricin a-chain toxin linkcxl to mouse anti-human 
CD5 IgGl mAb has been used by HaN-ert)- (personal com- 
munication) to treat steroid-resistant graft wrsus host dis 
ease in human bone marrow transplantation. This array 
of nc-w agents proffers an unprecedented opporxunitv- to 
design etfectiw, yet miniinaltv^ toxic, regimens to improvx; 
the outcome of transplantation in man. 



Limitations of existing immunosuppressive 
regimens ; 



Currently, clinical regimens are based upon the use of 
CsA, the immunosuppressant benefits of which are se- 
riously' limited by side effects. In attempts to augment 
lis emcaq-, die corticosteroid Prednisone (Pred), /Vza, 



Abbreviations 

ALG-anti-lymphocytc sera; Az*-A7athioprine: BQR • flrequir«r; CMV rytomeK^lovirus: C»A-Cyclos^^^^^^^ 
ot"' ^ DTH-^rbyed type hypersensitivity: ICA^J-intercelya^ f 

IL-^ntorleukin: IFA-lymphocyte function-associated antigen, f 
MHC-major histocompatibility complex; MPA mycophcnoLc .^^'^^^J^""^ '^^^^^^^^ Th-T-hclocr 
NMT-nuclear factor oi a.tK'aied T cells: Pred -Prednisone; RAPA Rapamycm; TCR~l-cell receptor, Th T helper. 
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Cell 
C><:le 



IL-2K 



IL-2 




Drug 



Steroid CsA 
< Deoxyspergualin FK - 506 



Rapamycin 6-MP 
M/B 
Mycophenolic 
Brcquinar 




Fig. 1, Classification of immunosuppres- 
sive drugs based upon their site of ac- 
tion in the ceil cycle. In the first f^foup, 
corticosteroid, and possibly deoxysper- 
gualin, inhibit antigen- presenting cells. 
In the second group. Cyclosporin A 
(CsA) and fK-506 inhibit lymphokine 
(LK) biosynthesis during the Cq phase 
and Rapamycin inhibits signal trans- 
duction during the d phase. In the 
I hire! group (the nucleoside synthesis in- 
hibitors), Mizorbine (MZB) and RS61443 
(a nriorpholinoethyhelher analog of my- 
cophenolic acid, MPA) inhibit purine 
synthesis pathways leading to the gen- 
eration of guanosine monophosphate, 
whereas Brequinar (quinoline carboxyltc 
acid) inhibits the de novo synthesis of 
pyrimidinM II, interleukin; R, receptor. 



fig. 2. Epitope targets of monoclonal 
antibodies. ICAM, intercellular adhesion 
molecule; IL, interleukin; MHC, major 
histocompatibility complex; k, receptor; 
TCR, T-c«n receptor. 



Table 1, Determinants recognized by immunosuppressive 




rmnockinal antibodies 






Mofy>rbnal antibody 


Determinant 


Refpfence 


IgM 11089.1^-31 


Determinants tommon to a/p 


14} 


lgC2b BMA 031 


chains of al) human 


(-.1 




T-cell receptors 




OKHA 


QM 


iM 


SDZCHH360 


CD7 


!') 


33B3.1 


a chain or a/^ complex 


!fll 




of intefleukin-2 receptor 




BIRR-1 


Intercellular adhesion 


191 




motecule-1 (or CD54) 




2S.) 


Lymphocyte function -associated 






antigen- 1 





equine or rabbit polyclonal anti-jyinphcK^te .sera ( ALG ) 
and/or nioii.se OKT-3 mAbs hu\'e been combined in em 
pineal regimcas thai aa* often tailored to individual pa 
tienis. To address one limitation of CsA. nephro- aiuL'or 
hepato-ioxicity during the initial past-transplant phase 
of induction immunosuppressive therap>\ which delays 
allograft and patient recox'ery. pharmacokinetic control 



programs havtr bc^cn ascd either to pre-selcci CsA doses 
[ 11 ] or to combine ALG or OKI 3 with Aza'Trcd in or- 
der to delay ireatmcnt with CsA. However, immediate, 
radicr than delayed, administration of CsA to patients 
displaying good initial renal hincUon a\X)ids the disad- 
v-ontagcs of AIXi/OKT 3 induction. namel>' an increased 
risk of qtomcgalp\inis (CM\') infection, additional ex- 
pense and/'or dehiyed hospiuil disdiargc awaiting sat- 
isfactory CsA lex-cis after treatment with CsA. Howevt-r, 
patients at extraordinarily high immunological risk, due 
to rejection of pre\iaus allografts wiiliin three months, 
or with marginallj'ffunctioning orgaas may preferabl>' be 
ta-aicd with AIjG or OKT-3 induction as a possible means 
10 delay the onset of their first rejection episodes. Two 
possible alternatives for induction ihttrjipy are the CsA 
analc>gs that may display reduced nephroioxicit>', namely 
CNdasporin G (I2l, which sub.stitures noivaline at po- 
sition 2, and I\LM-125 with a hyiirophilic substiiueni at 
position 9. 

To date, no laige fatidoniized study has shown th;« the 
induction regimtrn alters the clinical outcome; rather, a 
small cohon re|X>ried by Belitsky et at \ 13) shrm-cd 
no difference between AIX) wrsus inldal C^K therapy, tlie 
tu-o options for induction iherap\'. There may Ix; sewral 
reasons for this. Firstly, the polyrlonal reagents, such as 
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rabbit or equine .Minnesota ALG and anti th>-nn>cytc glob 
ulin, regardless of iheir source, opsonize T cells, leading 
to their removal from the circulation. This depletion c)b\i 
aies T ccll mediated aiuck on the allograft. Among otiier 
factors that mast be considered is that the ccniniJ intra 
wnous lines required for pol>rlonal administration may 
be accidental!)' contaminated, producing septicemia. Fur 
ther, there are nt> indices of the efficacy of the poKx lona! 
sera! Peripheral blood T cell numbers above the target 
range of *vO-150/ml tend only to be useful reflections 
of the appearance of human hast anti equine antilxxi- 
ies, not immunologica! re^sistance to iherapv'. Tlie other 
induction therapy using OKT-3, uiiicli covers and/or 
modulates CD3 epitopes on the l -cell surface, offers 
the ad\'aniages of botli peripheral iritravienoas admin- 
istration and rcadity available fluoresccnce activated cell 
sorting (FACS) tests for antibod>- efficacy. Tlic clinician 
monitors patient peripiicral blood K-mphoqte T-cell epi 
ropes for <a) cells vviih expascd CD3 epitopes* tliat were 
not bound by OKT 5 in vivo by their cap;idty to bind 
nuorescenated OKI' 3 in ritro, (b) the total number of 
ciiculaiing T cells tvith fiiiores<:enated anti-CD2, a pan 
T cell marker, and (c) the proportion of OKT-3-coated 
c^lLs deteaed wth a goat anti-mouse !gG reagent A sat- 
isfactoiy therapeutic effect Is observed wlicn the patient 
has <15% OKT.3+ ceils in ritro ^nd 60-75% CD2^T 
celLs, about 40*^ of wtich arc coated vtitii mouse IgG 
which binds to OKT.3. ^"hile OKT 3 represents an ad- 
vance in immunosuppressive therapy, it has several seri- 
ous bmitjiioas: (a) severe first-dose reactions, including 
chills. fe\vr, myalgias and, in the wrst cases, pulnjonar>' 
oedema appaantly due to lymphokine release ( panic 
ularly turnor necn>sis factor and interleukin (IL) 2; t b) 
longer term adverse eflfcxrts such as aseptic meningitis; 
(c) a deby in the iheraixrutic effcxi for as k>ng as 7 
dav'S after initiation of ireaimeni; (d ) induction of human 
;mti-mous(t antibodies, generally of die anii-idi«>r>']-)e vari- 
ety, but not uncommonly of broader reactMiy. t» a fre- 
quetu incidence of rebound re- rejection episiKlc*s upon 
completion of the therapeutic course; and (0 a lendaicT 
upward CMV inl'eciions in 40% of treated patients. In ad- 
dition. Ixiih jxiiyclonal and inAb reagents may produce 
excessive immunosuppression, resulting in incrc»ased in 
cklences of CMV infection and'or of lymphomas and 
otlier neoplasms, as wdl as allograft thrombosis. Thus, 
selection c»f a CsA versus an aniibcxly induction regimen 
must balance tlie risks of nephrotoxicity wrsus that of 
excessive immunosuppression. 

The use of CsA has reduced the risk of acute rejection, 
but a rational ajiproach to CsA aJministration is confused 
by the tremend<nis variabilitv* becwxxrn individuals in dnig 
phannacokinetirs and pharmacod\Tiamics [H). w'hich, in 
turn, generates a fear of irre\*ersible renal injury in cisc 
the CsA dtjsc is cxccssi\'e. Three approaches haw been 
used to adda'S.s (his problem: (a) combining reduced 
CsA doses v^ith subtherapeutic amounts of Ayjn (l5l; 
(b) monitoring the parent compound CsA b.i5etl uptjn its 
trough ccJiKcntrauon prior to the next dnig dose 1 16|; 
;ind (c) aii justing CsA doses pmspcctively based upt>n 
average concentrations calculaicxi from serial measure 
mcnis of the area under the concentration time airve 



|llj. Since dmg absorjMion presents the greatest ran 
ability in pharmacokinetics, attempts have been made 
,10 increase CsA bioavailabilit>' by coadministration of 
Vitamin K [17). In addition, the manufacturer has pro- ' 
duccd a new- micro eniulsion formulation that increases 
the bioa\"ailabilicy by fwofold above that of the exist- 
ing oral solution or capsule preparation, which show 
ec)ui\'aleni bioavailability in studies comjxiring both for- 
mubtions 1 18). The critical issue seems 10 be the dmg 
a)ncentrjti<^n in the allograft. While direct intra-anerial 
mfiision has been used for experimenul nKxlels of re- 
nal or cardiac allognifts, good dmg uptake in man can 
be achie\'ed by presenting CsA as an aerosol in absolute 
ethanol when it has a mean particle dianwter of 1.2 mi- 
crons (19 1 • 

Optimal use of CsA demands the measurement of dmg 
concentrations/aciivities at the le\x*l of its l>'m[)h(XMe re- | 
ceptor or target signal; minsduciion molecule(,s), which 
may be calcineurin (an enzyme that may be invoKicd 
in a common step associated wth T-cell anil IgE re- 
ceptor signaling pathways) (20"1 or the nuckxir factor 
of activated T cells (NF AT). However, a major limita- 
tion may be die failure of CsA to inhibit Ivmphocyie 
activation via ilie CD28 surface nurker 1 21 J, an impor- 
tint CO stimulatory pathway that together with T-cell re- 
ceptor (TCK) sUmulation blocks induction of anergy in 
l -cell clones (22]. FortunateK'. rejetiion epLsixIes under 
CsA pnif^hylacUc therapy tend to be readily rc^1e^sed by 
corticosteroid therapy,; and the majority of steroid-resis- 
tant episodes are o\f rcome with pol>icl()nal ALG and'or 
OKT 3 therapj'. Corticosteroids are lx;lic\xxl to represent 
the Achille s heel of transplantation bcxrausc of the wide 
distribution and pleiotropic dTects of the glua»conicoid | 
receptor su|>erfamily found in the c>aoplasm. These are j 
DNA binding dimeric transcription factors with a zinc fin- 
ger stmciure that rcvogni/e enhancer (or neg.«ive rt^ 
uKitor) elements bearing the GRI: motif (GTACAnnnT- 
GTTCr, where n = any nucleotide) One Important neg- 
jtivv regulator' element is the AP-1 binding site, normally 
the f(x:us for fos-jun hetenxlimers (23) An altematiw 
appnxich 10 the reduction of IL-iP generation, an action 
typical of corticosteroids, is to inhibit die en/yme that 
ckraves the inacthr 31 kD precursor betwxren Asp'*** and 
Ala**' to relea'ie the 153 carbox>1 -terminal amino acids 
that constitute IL ip [24). Another immunosuppressive 
effect m.iy be achieved by the upregulation of the s^-n- 
thesis of transforming growth factor-p by steroids [25l. 
Withdrawal of steroid treauneni months to x-ears after die 
transplant may be successful in patients who did not re- 
lect the transplant t2(>*J. 

I'reliminat)' data suggest that a ten-day ccHirse of iJic IgM 
mouse anU-human a P 'ICR mAb T10B9.1A 31 but 
not BM\031 (C Grt»th, personal communication), not 
only pr(xluces equl>ulent therapeutic effects to those of 
OK'r-3, but is less toxic in terms of incidence of fever 
and neurological and respiraiorv' symptoms, as wvW as 
».>f subscxjucnt infc»cik)ns. Furthemuue. T10B9 therapy is 
not associated with as great a rise in semm creatimne 
during treatment as OKT 3, suggesting a more rapid 
attenuation of the allo-immune response. Ilowex-er, die 
repeated use of xenogbieic antibtxlies during the induc- 
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lion phase as wdl as tor anti-rejetiion tlierapy mny be 
romplicated by iJie cievelopmeru of ncuiralizir»g human 
jnti mi^usc antibodies. 

A major goal of maintenance immun(>suppressi\x? ther 
jpy is prophylaxis againsc chronic rejeaion. To date, not 
only has Cs/V'Pred therapy failed to reduce the incidence 
of this complication from the 8-10% Ie%'cl ()bser\'ed un- 
der the A2a''Pred combination, but there is no wtiv to 
determine if the failure l.s due to its inherently modest in 
hibitit»n of B cell responses or to physicians' tendency to 
limit CsA therapy to minimal, possibly ineffcctivic, doses 
in order to mitigate a renal injury. Thus, despite the im- 
|)r()veinent in inibal gnifi survival, tninsplants continue to 
l)e lost in Uie longer term, with half-lives of about seven 
years for cardiac and 11.5 years for renal craasplant in 
iiumans. A recent stud>' of the efFeos of immunosupprcs* 
sh-e dmgs on coronary \'ascular disease in hetertnopic rat 
cardiac allografts suggests that RAPA particularly, CsA lo 
.1 lesser extent, but definite!)- not FK 506, Inhibit patJia 
logical endothelial and smooth muscle lesions in arteries 
,ind arterioles, which seem to be the critical lesioas in the 
pro(gression of chronic rejection (2*^). 



New pharmacologDcaill aigenis 

iioth The niacroiide rK-506 and the undivapi-ptide Cs.A 
internipi l>'mpholane s>iithcsis by inhibiting generation 
of the Ca^"^ dependent regulatory proteins NF AT, NIIL 
lA, NFIL-2D, and NF-kP, but not c-fos, w\vch is necessary 
lor IL-2 generation. Presumably. Ixrth dnigs also affect 
serine protease gene timscripts, an excellent marker of 
rejection (28]. TJie inhibition of c>'iotoxic T l>inphoc\'ies 
( (m*s). cn^en in the presence of optimal amounts of lL-2, 
is a promincTit effect of CsA [29] and. apparent^ FK-506. 
Despite the :issumpiion chat CsA and FK-5CKj produce 
similar inhibitory effects, at least three differences ha\Te 
been obser\ed: first, FK 506 display's a ilnter inhibition 
curve than CsA uith a wider discrepancy' in potency at 
ihe 50% inhibition than at the 95% inhibition level; sec 
( mdK', CsA leads to the generation of suppressive T cells, 
whcrcxs FK-506 docs not; and thirdly, although both 
dmgs inhibit CfVi"*" T helper (Th) h-mphcKAies. which 
secrete IL 2. onI>* CsA (and not FK-50()) |x?rmits priming 
of CW+Cn.s (30). Furtliermore, RreLst:her and Havele 
1.^1 1 suggest that CsA switches the immune response to 
the graft frt»m a delayed type hyperseasiuvit>' (DTH) re 
sfK)nse to an IgG res()onse by inhibiting the Thl subset 
with the emergence of the 'I'h2 subset, which actiwiy in- 
duces IgG \1a 11. 4 generation and inhibits Thl cells and 
l>TH \ia IL 10. Both CsA and FK 506 spare traascription 
nf the down -regulatory K^nphokine IL IO. While CsA in- 
hibits tnmscriptit^n of lL-6, this factor is not affected by 

Itie coming year should witness publication of a \"ast ar- 
ray of randomizeti trials comparing the clinical outcome 
of livrr and renal transplants in patients ireatcxl with 
FK-506 versus CsA. So far. a preliminary non nmdom- 
ized smdy of li\x?r recipients showed tliat FK 506 tlierapy 
display's greater neurotoxicity-. ecjui\'a]ent nephrotoxicity, 



but. [>o.s.sibIy, les.s hypertension than dt.xrs CsA dicrapy 
[32»M A further claim that corticosteroids do not have 
to Ik- used witli FK 506 cannot be assessed due to two 
factors- firstly, the protocol stipulated higher Pred doses 
in the CsA cohctrt than those used with FK-506; and 
secondly, to date, there is no pharmacokinetic analysis 
of Pred concentrations in CsA versus FK 506 ireauneni 
grctups in order to exclude a dmg interaction. Addi- 
tionally, the extremely poor results in the iruti:d study, 
wherein allegedly CsA-resistant patients were convened 
to ireaunent with FK-50(», actually retlected antagonism 
between the two drugs caused by fa) an adverse im- 
munological interacti(jn lK'twtH;n the two agents that ap 
parently have similar methanisms of action [33] and (b) 
coinixrtiiive pharmacokinetic interactions. Although FK- 
50(> has not yet l>een shown to achiew clinic:al results 
even ecjuiv^ilent lo those of CsA, eventual definition of its 
relative therapeutic window will depend upon Phasi.* II 
studies to selea well-toleratc*d drug doses for random- 
ized trials versus Cs.\ therapy 

VC^hen a second agent, RSt))443, was ;idded in dtxses of 
2 5<30-3 50«) mg per day to a CsA^'Pred regimen, it seemed 
to reduce the incidence of acute rejection episcxJes. How- 
ever, these high doses are likely to pnxJuce toxicity, 
particularly leukopenia and gastrointestinal complaints 
|2"1. Randomized placelx)-conirolltxi trials are under- 
way to assess the efficacy of RS61443 versus ^ added 
to a CSiV'Prei! reginieri (;)ther .studies arc examining die 
im|)aci of a fourth agent, deoxyspergualin. to potentiate 
an ALG'.A74''Prt*<i CsA induction pnuocol. 

Ilie .studies that ckiimed Aza dispktys jjhamucologlcal 
s\nergism with c:sA foiled to utilize rigorous expert- 
rrtental design or data analysis [34). For insUnce. both 
in vitro analyses [35 1 and clinical results dcmoiLStrate 
that .A/wi acts in an additivx.' manner rather than s-yner 
gisiicallv with CsA [36]. Similarly, //; viho analyses sug 
gest that R.S61443 (371. niizorbine [37). and thalidomide 
[38] ai.so act in an additive manner with Cs^V Although 
initial data .suggested that DQR potentiates the effect of 
CsA [3"), recent experiments document true .s\iiergi.sm 
[3*?]. Howx-x-er, CsA RAP A combinations show tlie most 
impnrssiw degree of synergy both />/ /»//;x>and in viiv 
[391. Once Phase I toxicity trials have been tx)mpleied, it 
will Ik? po.ssible to assess whether BQR or RAI*A displays 
the synergistic effects with CsA in human transplantation 
that are evident in rcxients and large animal models. 



New monoclonal antibody reagents 



Si:cond generation niAbs an? being designed to avoid the 
severe systemic reactions due to Ipiphi^kine release that 
ft)llo\v initial doses of OKT-3. For example, the IgG2b 
anti-human a P TCK mAl^ UMA 031 used for induction 
ihenpy (tliree 50 mg doses administercnl on alternate 
da\s) delays the on.set of first rejcctii>n episodes and 
probably improws one-yvar graft survival (K Knight and 
BD Kahan, unpublislial data). Similar benefits have been 
reiK)ned with mouse aiid rat mAbs produced against the 
activation induced a-chain. or to new epitopes a\suliing 
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from llie formation of die aP complex, of ihc lL-2 recep- 
lor (8). 

However, treatment \vith these antibodies leads to a 
high incidence of human anti mouse antibodies, ^iiich 
may attenuate the immunosuppressive effects. Recent 
work has explored approaches to construct either (a) 
'chimeric' antibodies bearing human Fc segments joined 
to mouse F(ab02 fragments, or (b) humanized' mAbs 
with mouse idiotypes iasened onto human IgG isotypes 
(Fig.3). Chimeric antibodies combine the variable re- 
gions of mouse antibodies with human antibody constant 
regions and, therefore, present fewer foreign amino acid 
sequences to the host. Howiever, onc ihird of the stoic 
ture is still of mouse origin. Furtfiermore. a clinical trial 
using a chimeric anti-CD7 mAb not only failed to achieve 
a superior level of immunosuppression inducti(^n, but 
also increased the incidence of \uscular thromboses I?]. 
I^he laner effea may have been related to the adhesion of 
Fc receptors on platelets and polymorphonuclear leuko- 
cytes to the human Fc regbns, bound to endothelium 
via mouse epitopes. On the other hand, 'humanized' an- 
tibodies combine onh' the smallest part of a mouse an- 
tibody that is required, the antigen combining site, with 
human variable region frameworks and constant regions. 
Due to the reduced aflfinity of 'hiimani/^d* antibodies for 
antigen epitopes. Co ei al (40»] reconunended two inno- 
vations: firstly', selectton of a human framework that is as 
homologous to the original mouse antibody .is possible; 
and secondly, insertion of key residues from the mouse 
model into the a)nstruct in order to achicvTe a molecular 
conformation that is similar to the native idiotype. The 
beneficed effects of chimeric and humanized' variants of 
mouse mAbs will be clarified only by randomized clinic;il 
trials. 

Two aliemati\Te apprc»aches seek to utilize mAbs di- 
rected agaiast donor MHC antigens or against co- re- 
ceptor moleailes. In a study of non human prinvatcs, 



OKT 'iA lgG2A niAbs, which react with die CD4 ro- recep- 
tor on Th cells, provoked fewer side effeas than OKI 3 
16]. In an initial clinical trial of OKT-4A induction ther- 
apy (0.2mg''kg''day). aU six patienLs suffered rejections. 
These rejections were j-ex-ersible, but left residual areas 
of dead tissue resulting from an ob.stmction of the bkxxl 
supply in half the renal allografts, Unfominaiely, OICT-4A 
also generated a strong human anti-moiise aniibcxly re- 
sponse 0 Harry, personal communication). Hxperimental 
animal models are currently being used to determine if 
antibody eflficacy Is related to T cell deletion and is poten- 
tiated by simultaneous treatment with an and CD8 mAb. 
On the one hand, Fathman and colleagues (41] found 
that depleting anii-CD4 mAbs produced probnged alio* 
unrespoa*;iveness toward allogenek; pancreatic islets, an 
effecT that was moderateld by simultaneous trcatmeni with 
anti CDS ^ mAbs, suggesting the role of a regulator CDS 
cell. On the other hand, Waldmann and {-olleagucs [42] 
induced tolerance toward niouse heart traasplants \vhere 
the donor and recipient were not matched at MHC IcvtcI 
using an and-C04 mAb that not only did not deplete T 
cells but also was potentiated by simultaneous adminis- 
tration of an anti-CDft mAb. 

A second approach to co-receptor molecules is based on 
the interaction of lymphocyte function-ass(x±ited anti- 
gen (LFA) 1 on CTls widi the intercellular adhesion 
molecule (ICAM)-l or monocytes. Expression of ICAM-1 
is up- regulated following lymphokine release, which ix- 
cuRi during acute allograft rejection but not during other 
pathological events in the kidney (43" I - Prophylactic and 
dierapcutic administrations of a mAb dirccteil against the 
high molccubr weight a chain of human lCAM-1 alone 
delayed both the onset and progression of rejection 
epis(xlcs in primate renal allograft models. I'sing mouse 
mAbs directed against l>'A-l, .Stoppa etaL (44) re\'ersed 
steroid resistant acute graft versus host reactions in nun. 
Indeed, the combinaticin of anti-lCANM and anti-lPA-1 
m.Abs produced alio -tolerance in mice that wx;rc not com- 




3a: 



HaX\\v. n»ou5e n\fib 





Chimeric human -mouse m.Ab 



Humoni/cd' mAb 



fig. 3, Types of monoclonal antibody. 
Chimeric antibodies combine the vari- 
able regions of mouse antibodies with 
human constant regions and, therefore, 
present fewer foreign amino acid se- 
quences 10 the host. 'Humanized' anti- 
bodies combine only ihe smallest part 
of; a mouse antibody that is required, 
the antigen binding site, with human 
variable region frameworks and con- 
slant regions. 
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patible at the MlIC le\'el (45"]. These promising results 
in animal mcxlcls using niAhs directed against T cell and 
monCKTte co- receptors 3\\:ait confirmation in controlled 
clinical trials. 

While cbnicai intcr\'entions to date have focused on using 
m.\bs directed tow-ards surface epitopes imponani for 
the afferent limb of the alio immune rcspoase. there is 
increasir»g evidence lhal anti-idioi>pic antilxKlies. either 
exogen< »u.sly introduced or endogenous!)', spontaneously 
gcncrattxi, may regulate the mduction of aJlo immune re 
.sponses A recent study i^erformed by Snider (lihj sug 
gested that inununizaiion of hosts ^itii antigen-aniiNxh' 
complexes confers a bias in the epitope, resulting in a 
less efficient antibody' response that sh(jws anii idiotypic 
properties. This approach represents a particularh' fertile 
ground Ibr clinical exploration. 



Cytokine receptor analogs and antagonists 



A neu' group of immunosupprcssKe agents are the cy- 
tokine receptor antagonists. Ilie clisroviery and initial test- 
ing of an IL 1 receptor antagonist has been re\iewed by 
Arcnd (*i7). IgG -stimulated human monocytes naoiralh' 
prcxluce IL l receptor antagonist, a heterogenous array 
of ghroproteins of 1 S-25 kD, depending upon their de- 
gree of glycasylaiion. IL-1 receptor antagonist binds type 
I. but not type H, IL 1 receptors wid)oui activating cells 
and with coasidcrably less avidity than native II-- la and 
IL-1. T>pe I IL 1 receptors are j)reseni on Th2 cells 
and fibroblasts; T\pc II IL-1 receptors are present on 
[\ cells, neutrophils, and macrophages. Although ther- 
apeutic trials of IL- 1 receptor antagonist in rheumatoid 
arthritis and septic shock suggest some btmeficial effects, 
i*ahcrt>' rial. [48j failed to observe lhal IL 1 rifeptor an- 
tigonist inhibited induction of CTLs, culiuicHias DTH, or 
r cell dependent humoral antibody responses They also 
found that administration of a mAb to type II IL-1 recep 
lor (3SFS) wus inelfeciiv'e. Fanslow et al [•\9*\ recently 
oxtendetl their prc\ious studies, vviiich used constmcts 
of the extra-mcmbmnous pordon of ilie IL J receptor, 
by using similar coastructs of ihe IL-4 receptor. In the 
initial studies, tliey prolonged heterotopic pinnal, neona 
i;il mouse heart aliogr^t surviN-al. but failal to prevent 
jilo-sensitization, as doaiinentcd by a rapid, .secondary 
tvpe proliferatixx? response upon in i7fro one-way mixed 
lymphocyte reactions. In their rcctnu studies, constructs 
of lL-4 receptor alone, or in combination vviih rat anti- 
mouse \\A receptor niAb, induct*d modest pn^longation 
of hean allo-explanis. 



Immunosuppressive drug trials 

Of the numerous obstacles currentK^ hindering the de\x*l- 
opment of efficacious inimunosuppa*ssive regimens, die 
lack of methodologx' for clinical traasplantation trials is of 
partiailar importance. To date, no scries of Phase I and 
II toxicity and dose-finding trials has l>een c<^nductt\J in 



order to establish a foundation for clinical investigation. 
The introduction of A7.n. sten)ids, and CsA, as well as the 
preliminary trials of KK 506, have relied upon empirical 
approaches. Important obstacles to comprehensive trials 
include the relatively small numbers of transplant cases, 
the use of unrefined end points such as graft and patient 
survival, and the lack of well-established criteria for the 
diagnosis and grading of rejection cpi.sodes, deficits that 
obfuscate the asc of this c^eni as an intermediate end- 
Ix)inL In addition, no in vitro immune assay predicts 
or correlates with it} viiv immunosuppressive efficacy; 
hence, there is no surrogate immune parameter as a basis 
of inimunosuppres.<!K'e efficacy and'or for dose extrapo- 
lation from in vitro s-ystems to in vivo conditions. 

Since present results with CsA based rc^iens >ield ex- 
cellent graft survivals, extremely large numbers of pa- 
tients mast be entered into clinical trials to document 
improved efficacy of a new agent. Even more cxteas^-e 
efforts will be needecJ to exclude the possibilit>' tliat the 
results nith the new agent are not actually worse than 
thase obtained with the existent (IsA regimen. In light 
of the presendy high success rates, the benefits of any 
new regimen must be based upt>n both the poienc>' 
and die midgation of side effects, as assessed by quan- 
titative parameters, including glomerular filtration rates. 
The practice of clinical rosearcli in tt^ansplantation must 
proceed to develop principles of rigorous study design 
and precise anaiytic;il rfx)ls in order to most expeditiously 
e^'aluate the ax'ailable array of new irnmunosuppressants 
described in this rfniew. 
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Background Int(erleiikin-12 (IL-12) mediates its bio- 
logic activities via binding high-affinity receptors on T 
and natural killer ceUs. Although emphasis has been 
placed on the requirement for KL-12Rp2 in nL-12 bio- 
activity, the role of niLpl2E^l is less well defined. The 
current study evaluated the effects of esogenous IL-12 
on alloantigen-speciffic immune responses and acter- 
mined the requirement for IL-12RP1 in lL-12-mediated 
alloimmunity. , ... , * 

Methods. The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of IL.12 on 
alloantigen-speciflc immune responses in vivo. In ad- 
dition* IFN-y production in miiied lymphocyte cul- 
tures (MLC) supplemented with IL.12 was measured to 
assess the effects of IL-12 on Thl function in vitro. 
Mice deficient in nL-12Rpi (IL-12Epi-'-) were used to 
determine the requirement for this receptor compo- 
nent in IL-12-driven alloimmune responses. 

Results, Addition of nL-12 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
1L.12 did not alter these in vitro immune parameters 
in IL-12RP1"'" MLC. Treatment of wild-type cardiac 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon-y (IFN-y) and a 10-ffold 
increase in IFN-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had mo effect on serum IFN-y or fin 
vivo priming of Thl in IL-12iapi-'- recipients. FinaUy, 
administration of IL-12 to WT aUograft recipients re- 
sulted in a bimodal alloantibody response; antibody 
production was suppressed at high doses of IL-12, and 
enhanced at lower doses. 

Conclusions. IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
Thl-drnven responses do not culminate in accelerated 
allograft rejection. Further, these data indicate that 
IL-12RJ31 is essential for the enhancement of both in 
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vitro and in vivo alloimmune responses by exogenous 
IL-12. 

It is well established that interleukin-12 (ILrl2«') is a crit- 
ical cytokine involved in the regulation of Thl- and Th2- 
mediated immune responses in several experimental models 
(reviewed in 1 and 2). IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2. respectively (5-6). Further, 
this cytokine promotes Thl and inhibits Th2 development 
indirectly by inducing interferon-y (IFN-y) production by ac- 
tivated T cells and natural killer cells {7-12). Thl have been 
accepted as key regulators of allograft rejecUon, in that this 
cell type promotes both delayed-type hypersensitivity and 
cytotoxic t lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection {13, 14), An understanding of the role of IL-12 in 
graft rejection is just emerging. For example. IL-12 clearly 
augments alloreactive Thl: development in vitro {15). How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection (15, 16), Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12/Thl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
function, resulting in accelerated allograft rejection. The 
present study therefore was designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting with a 
high-affinity receptor, which consists of at least two cloned 
components. IL.12Rpl and II.12RP2 {17-19), IL-12Rpl in- 
teracte vrith the p40 subunit of IL-12. whereas the p35 sub- 
unit of 1L.12 is believed to bind to IL-12RP2 (19, 201 Em- 
phasis has been placed on the necessity for IL-12Rp2 in IL-12 
signaling {21,22). However, by utilizing IL-12Rpi knockout 
mice (IL-12Rpi-'->. Wu et al. {23) recently reported that the 
fil subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-y production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit 
of IL.12 stimulates alloreactive CD8+ Thl development both 
in vitro {24) and in \nvo (15). These observ^ations suggest that 

* AbbreWalions: Con A. cpncanavalin A; ELISA. enzyme-linked 
immunosorbent assay; GVHD, graft-versus-host disease; H&E. he- 
matoxylin and eosin; IFN-y. interferon-y, lU interieukin IL- 
l2R0r'-. mice deficient in 01 subunit of IL-12 receptor; mAb, mono- 
clonal antibody; MLC, mixed lymphocyte culture; WT, wild-type. 
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IL-12R/31 may be needed for alloreactivo Thl development, 
and that signaling through IL-12R/31 may be sufficient to 
mediate IL-12's biologic activity on CD8+ T cells. Hence, the 
present study employed IL-12R/31 mice to determine 
whether ^1 subunit of IL-12R is re(iuired for IL-12-induced 
alloantigen-siKJcific immune responses. To our knowledge, 
this study is the first to investigate the eflecU of IL-12 
treatment on alloreactive Thl development in vivo and to 
establish a mandator)* role for lL-12Rpl in IL.12-driven al- 
loimmune responses. 

MATERIALS .AND METHODS 

Mice, Wild-type (WT) C57BI>6 and BALB/c mice between 6 and 
12 weeks of ag<f were obtained from C'harles River Laboratories 
(Raleigh. NO. (veneration of C67BL/6 IL12Ri3r' mice has been 
described previously {23). These mice were generated on the 129/Sv 
background and back-crossed to C57BL/6 mice for five generations, 
then intercrossed to generate homozygotes. 

hUdium. The culture medium used in these studies was Dulbec- 
co's minimum essential medium supplemented with 1.6 mM L-glu- 
tamine, 0.27 mM L-asparagine, 1.4 mM i,-arginine HCI, 14 iM folic 
acid, 10 mM HEPES buffer. 1.0 mM sodium pyruvate, 100 units/ml 
penicillin/streptomycin. 2^o fetal calf serum fall obtained from Life 
Technologies. Grand Island, and 5> 10"* M 2-mercaptoethanol 
(Sigma Chemical. St Louis, MO). 

Mitogen-drivtin cytokine production. To investigate the require- 
ment for the pi subunit of IL-12R in mitogen-stimulated IL-XO and 
IFN-y production, splenocytes (2x10° cells/ml) isolated from naive 
WT or IL-12R01''" C57BL/6 mice were incubated for 72 hr with 1 
Mg/ml concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IL-12 (rlL-12) 
(kindly provided by Dr. Maurice Gately, Hoffmann-La Roche Inc.) to 
assess the effect of exogenous IL-12 on Con A-stimulated cytokine 
production by splenocytes of WT and IL-12R31 -deficient mice. Re- 
sulting supematants were harvested at 72 hr, and the concentra- 
tions of IL-10 and IFN-y measured by enzyme-linked immunosor- 
bent assay (ELISA). 

In oitro allot rnmune responses. To assess alloantigen-specific Thl 
development, splenocytes ( 1>: 10® cells/ml) isolated from naive WT or 
IL-12R/31"'* C57BL/6 mice were incubated for 5 days with irradi- 
ated (5tX)0 rads) BALB/c splenocytes (1 »:10® cells/ml). Where indi- 
cated, 1 ng/ml of murine rIL-12 was added to primary mixed lym- 
^ phocyte cultures iMIXI) to assess the elTect of exogenous IL-12 on 
atloantigen-driven Thl function and to evaluate whether Thl from 
IL-12Rpi-deficient mice wer« responsive to IL-12 stimulation. The 
concentration of rIL-12.was selected from dose-response experiments 
in which the amount of rIL-12 needed for maximal enhancement of 
alloantigen-specific proliferation was 5-10 ng/ml (data not shown). 
Resulting cell populations were har\'Gsted, washed three times, and 
restimulated (at i xlO® cells/mil with irradiated BALB/c stimulator 
cells (IX 10^ cells/ml). MLC supernatants were collected after 24 hr 
(ILr4 and IL-10> or 72 hr (IFN-y). and cytokine concentrations mea- 
sured by ELISA 

In addition, splenoc>'te proliferative response to alloantigens was 
determined in oultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or IL-12R/3I~'~ C57BL/6 splenocytes 
(IX 10* cells/mn were stimulated for 5 days with irradiated BALB/c 
splenocytes il -:10* cells/ml.t in 96-well U-bottom plates (Becton 
Dickinson, Lincoln Park, NY) in a final volume of 200 ^\ (done in 
quadruplicate). Cultures were pulsed with 0.5 MCi/well (methyl- 
^Hlthymidine (ICN, Costa Mesa. CA) for the final 8 hr of the incu- 
bation period. Imethyl-^HlThymidine incorporation was assessed on 
a Wallac 1205 Betaplate scintillation counter (Wallac. Turku. Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2*') hearts 
were anastomosed to the great vessels in the abdomens of WT or 



IL r2Rf31"' C57BL/6 (112^) mice as described by Corry etal. (25, ■ 
this model, the transplanted heart i.s perfused with the riicipiem'^ 
blood and resumes contractions until acutely rejected, which occm^ 
in unmodified WT recipients of this strain combination in appr^jj^ 
mately 8-9 days 1/5, 24K Graft function was evaluated by daily 
abdominal palpation. Myocyte damage and intensity of graft-in^, 
trating cells were assessed by routine hematoxylin and eosin (H&g) 
staining of paraffin-embedded sections of trans plaintcd allografU. 

Experimental groups. Cardiac allograft recipients were divided 
into four groups: (1) recipients injected intraperitoneally with 1 mgof 
anti-CD8 monoclonal antibody (mAb) (hybridoma 2.43, purified by 
Montana ImmunoTech Inc.. Bozeman. MT) on days -2 and ~i 
before transplantation, (2) animals given daily intraperitoneal injec- 
tions of murine rILrl2 tO.l or 1.0 Mg) on days 1-6 after transplan- 
tation, (3) recipients ir\jected with a combination of 2.43 anti-CD8 
mAb plus rIL*12, and (4) unmodified (no treatment) mice, which 
ser\ed as controls. Depletion of CD8+ cells {<2%) was verified by 
flow cytometry usinjp; anti-CD8;fluorescein isothiocyanate antibody 
tPharMingen). 

In vivo aUoimniune responses. To monitor in vivo Thl develop- 
ment, splenocytes (1:< 10* cells/ml) obtained from allograft recipients 
were restimulated with irradiated BALB/c stimulator cells (1> 10* 
cells/mil, and the concentration of IFN-y was measured by ELISA. 
As an additional measure of the in vivo activity of II>12 on IFN-y 
production, sera IFN-y concentrations in WT and IL-12R01~'" car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of IU12 treatment on B cell function, sera alloantilody 
(IgM, IgGl. and lgG2a) levels were determined (sets below). 

Cytokine EUSA. Experimental samples (100 ^l) were added in 
triplicate to plates coated with 5 ^gfm\ rat anti-mouse IFN-y, lL-4.Qr 
IL-10 capture antibodies (PharMingen). Standapds w*ere employed 
by preparing 2-fold dilutions of murine recombinant IFN-y, IL-4. and 
IL-10 (PharMingen). with a starting concentration of 25, 2.5, and 10 
ng/ml, respectively. After a 1-hr incubation at ro(»ra temperature, 
plates were w;ished three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 Mg/nil) iPharMingen) was then added, and plates were 
incubated at rcom temperature for 45 mln. Plates were then washed 
three times with 0.05% Tween 20 in PBS, and 100 ml of avidin- 
pcruxidase (Sigma Chemicals) was added. After a 30-min incubation 
at room temperature, plates were washed three times with 0.05% 
Tween 20 in PHS, and 100 ml of 2,2'-azino-bis(3-ethylbentthiazoHne- 
6-sulfonic acidi substrate (Sigma Chemical) was then added to each 
well. After 20 min, absorbance was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instr\tments, Winooski. VT). Sample 
cytokine concentrations were calculated from a standard curv^e The 
sensitivity of this assay is approximately 300 pg/ml for IFN-y, 100 
pg/ral for IL-4. and 150 pg/ml for IL-10. 

Sera alloantibody determination. P815 cells (H2**) were stained 
for flow cytometric hnal^-sis using dilutions of sera (1:50) obtained 
from cardiac allograft recipients as the primary antibody, followed by 
fluorescein isothiocVanate-conjugated isotype-specific anti-mouse 
IgM, IgGl. ami IgG2a secondary antibodies (The Binding Site, San 
Diego, CA). Data are reported as the mean channel fluorescence 
determined on a Becton Dickinson FACScan. 

Statistics. Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 

RESULTS 

Requirement for IL l2Rpi in T Cell Responses in Vitro 
Enhancement of mitogen-driven IFN-y and IL- 10 produc- 
tion by IL-12 requires IL'I2Rpl. ILrl2 stimulates concomi- 
tant production of IL-10 and IFN-7 by activated T cells (J5, 
26, 27). To detertnine whether /31 subunit of IL-12R is re- 
quired for production of these cytokines, C57BL/6 spleno- 
cytes isolated WT or I L-12R/31 -deficient mice were stimu- 
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lated with Con A for 72 hr, and supernatant cytokine 
concentrations were determined by ELISA. Production of the 
Thl cytokine IFN-y by Con A-stiniulated splenocytes isolated 
from ILrl2Rpl"'" mice was readily detectable (Fig. lA). al- 
though concentrations were lower than that seen in WT 
controls (IL.12Rpr' =1.03 ng/ml vs. WT=5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-y pro- 
duction by mitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast. IFN-y production by 
splenocytes from IL-12Rpi"'~ mice was not altered after the 
addition of rIL-12 (1.54 ng/ml), 
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The requirement for lL-12Rpl in lL-12-driven IL-10 pro- 
duction also was assessed. Splenocytes isolated from IL- 
12R01-deficient mice produced similar levels of IL-IO upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml). However, the ^1 
subunit of IL-12R was required for this response, as lLrl2 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12Rpi~'" splenocytes. 

In vitro alloreactive T helper cell development To evaluate 
the requirement for IL-12R^1 in lL-12-driven alloantigen- 
specific T cell development, naive splenocytes obtained from 
WT or IL-12Rpi~''' mice were incubated for 5 days with 
irradiated BALB/c spleno<;ytes in primary MLC. which were 
either left unmodified or supplemented with rIL-12. Result- 
ing cell populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL.12. aud in vitro 
IFN-y» IL-4, and IL-10 production determined by ELISA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-y upon restimulation with alloantigens. Splenocytes ob- 
tained from IL-12Rpl"'" mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells (WT=21.32 ng/ml vs. IL-12Rpi~'~=5.72 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12Rpi-deficient mice was not associated with a decrease in 
the cells' ability to proliferate in response to alloantigens 
(Fig. 2). in that [me thyl-'*Hl thymidine incorporation by al- 
loantigen-stimulated IL-12Rpi~'" splenocytes was similar to 
that seen by WT cells (IL-12Rpi-'- =13,385 cpm vs. 
WT= 11,441 cpm). In both groups. IL-4. IL-10 (Table 1). and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1. exogenous rIL-12 markedly enhanced 
IFN-y production by WT splenocytes in vitro (21 32 ng/ml vs. 
215.13 ng/ml). but failed to augment IFN-y secretion by cells 
obtained from IL-12Rpl ' mice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise, rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2). but did not alter the prolifer- 
ative ability of splenocytes isolated from lL-12Rpi-deficient 
mice. Finally, the addition of exogenous rIL-12 to cultures 



Table 1. IL- 12 does not enhance alloantigen-specific Thl 
develoDment in lL-12Rar'~ mice in vitro" 
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Figure 1. Mitogen-driven c>'tokine production by splenocytes iso- 
lated from IL-12R01"'" mice. Splenocjtes (2x10* cells/ml) obUined 
from WT or IL-12R^r ' C57BL/6 mice were stimulated in vitro with 
I Mg/ml Con A. Cultures were either left untreated or supplemented 
with murine rIL-12 U ng/ml '. Supematants were collected after 72 
k and the concentrations of IFN-y (A) and IL-10 (B) were deter- 
mined by ELISA. Results are expressed as the mean cytokine con- 
centration in triplicate samples t SD. Data are representative of 
three separate experiments. In panel A. *, P<0.05 (WT unmodified 
*8. ILrl2R3r'- unmodified), ***, P<0 OOS (WT unmodified vs. WT 
ILl2.treated). In panel B, *, P<0.05 (WT unmodified vs. WT IL-12- 
treated). 



Treatment 


IFN-> 
(ng/ml) 


IL-4 
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ND 


WT 


21.32id.88 


ND 


IL-12Rj3r'" 


5.72±Q.24*« 


ND 


ND 


IL.12(1 ng/ml) 






1.54i0.21 


WT 


215.ia± 13.52*'* 


ND 


IL-12R0r'' 


6.80t0.21 


ND 


ND 



~ ~« Splenoc>tes (lxl0« cells/ml) obtained from WT or lL-12R3r'- 
C57BL/6 mice were incubated for 5 days with irradiated allogeneic 
splcnoc>-tes tlx 10* cells/ml) in unmodified MLC or MLC supple- 
mented with murine rIL-12 (1 ng/m\). ResulUng cell populations 
were han ested and restimulat^ with alloantigens for c>-tokine de- 
termination. SupematanU concentrations of IFN-7 172 hr), IL-4 (24 
hr). and IL-10 (24 hr) were measured by ELISA. Results are ex- 
pressed as the cytokine concentration in triplicate samples (mean ± 
SD). Data are representative of four separate experiments. ND in- 
dicates not detectable. ♦',P<0:01. WT unmodified vs. IL.12R01-'' 
unmodified; P<0.005. WT unmodified vs. WT IL- 12- treated. 
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Figure 2. The 01 subunit of IL-12 receptor is required for lLrl2- 
induced stimulation of alloantigen -specific splenocyte proliferation. 
C57BIV6 splenocytes (IX 10* cells/ml) were Btiraulated with irradi- 
ated allogeneic BALB/c splenocytes (1x10* cells/ml) in 96-well mi- 
crotiter plates for 5 days. Cultures were pulsed with 0.5 MCi/well 
(methyl-^Hlthymidinc for the final 8 hr of the incubation period, and 
thymidine incorporation was determined by liquid scintillation spec- 
trophotometry. Results are expressed as the mean cpm in quadru- 
plicate samples ± SD. Data are representative of three separate 
experiments. *. P<0.05 (WT unmodified vs. WT lL-12-treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes, but not IL-12R/31"'' cells (Table 1). Collec- 
tively, these data indicate that the ^l subunit of ILrl2R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous rILrl2. including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-7 and IL-IO 
production. 

Effects of Exogenous 1112 on Alloimmune Responses 
in Vivo 

Enhancement of serum IFN-y by 11-12 treatment. To mon- 
itor the in situ effects of IL-12 treatment on IFN-y production 
in cardiac allograft recipients, serum IFN-y concentrations 
were measured on day 7 after transplantation (Fig. 3). In 
both WT and lL-12Rpi ^ allograft recipients, serum IFN-y 
v^-as undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rIL-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had httle effect on the concentration 
of serum IFN-y in IL-12Rj31"'" allograft recipients. 

Effects of IL-12 on alloantigen-specific Thl development in 
vivo. Splenocytes obtained firom cardiac allograft recipients 
were restimulated in vitro with donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA. This assay detects in vivo primed Thl. in that spleno- 
cytes from naive, nontransplanted mice produce minimal or 
undetectable levels of IFN-y under these conditions (75, J 6, 
24). Restimulation of splenocytes from unmodified IL- 
12R/31"'" allograft recipients with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 
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Figure 3. Treatment of WT, but not IL-12R/31"'' allograft recipi- 
ents with r IL-12 markedly increases serum IFN-y. WT or IL- 
12RfiV^~ C57BL;6 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injecttpns of 1.0 
fig of rlL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and serum collected 
after centrifugation. Serum IFN-y was determined by ELISA. Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD, Data are representative of three independent exper- 
iments. ND indicates not detectable. **♦. P<0.005 (WT lL-12-treated 
vs. IL-12R^1 IL-12.treated). 



to that seen in WT recipients (IL-12R01 ' =7.16 ng/ml vs. 
WT=6.24 ng/ml) (Fig. 4). Treatment of WT recipients with 
ILrl2 resulted in a lO-fold; increase in the production of IFN-y 
(59.05 ng/ml). In contrast. IFN-y production by splenocytes 
obtained from IL-12R^1 recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml), indicating 
that the pi subunit of IL-12R is required for lLrl2-mcdiated 
enhancement of in vivo sensitization of IFN-y-producing 
cells. Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous IL-12 on cardiac allograft rejection. 
As IL-12 treatment markedly enhanced Thl responses in WT 
allograft recipients (Figs, 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12R/31"'" allograft 
recipients bearing BALB/c hearts. Cardiac allograft recipi- 
ents were either left untreated or injected once daily with 10 
^g of rIL-12. Treatment of WT allograft recipients with this 
dose of rIL-12 (n=10) resulted in symptoms of cachexia in- 
cluding weight loss (mean decrease =2,0 ±0.7 g in 1 week), 
ruffed fur, hunched posture, and decreased activity. In con- 
trast, ILrl2R01'' allograft recipients exhibited no signs of 
IL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shown; 15, 24). 
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Figure 4. Enhancement of in vivo sensitization of IFN-y-prod"c»ng 
cells by IL-12 requires IL-12R^1. WT or \L-l2Tifil-'' C57BIV6 car- 
diac allograft recipients were either left untreated or ir\jected daily 
with 1.0 fig of rILrl2 on days 1-6 after trnnsplontation. To assess in 
vivo Thl development, splenocytes (ixiO* cells/ml) obtained from 
cardiac allograft recipients were restimulated with irradiated 
BALB/c splenocytes {IXIO* cells/ml). Supematants were collected 
after 72 hr, and the concentration of IFN-y was determined by 
ELISA. Results are expressed as the mean concentration of IFN-y in 
triplicate samples ± SD. Data are representative of three separate 
experiments. *♦', P<0.005 (WT unmodified vs. WT IL-12- treated). 



Cardiac allografts in IL-12R/31"'" recipients were rejected in 
a similar fashion to that seen in ILrl2-deficient mice U5\ in 
that grafts were uniformly rejected by day 7 (n=8). As ex- 
pected, treatment of IL-12Rpi~'~ allograft recipients with 
rIL-12 had no effect on the tempo of allograft rejection (n=6). 
Interestingly, despite the overwhelming Thl response in- 
duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 
treatment of these animals with rIL-12 did not appear to 
accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipiente on day 7 after transplan- 
tation. For example, 7 of 10 (70%) allografts of WT recipients 
treated with rIL-12 were still functioning on day 7. A histo- 
logic evaluation of these grafts revealed similar parameters 
of early rejection compared to unmodified WT recipients. 
Specifically, histolog>* was characterized by diffuse mononu- 
clear cell infiltrates, viable myocytes as evidenced by visible 
nuclei, and relatively uninvolved vessels (Fig. 5). Hence, 
''IL-12 treatment did not accelerate the pathologic changes 
associated with acute rejection. 

Phenotype of alloantigen-reactive Thl in WT allograft re- 
cjpienfs treated with rIL-12. To determine the phenotype of 
Thl 

responsive to exogenous rIL-12, WT cardiac recipients 
^ere depleted in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CDS depleted cardiac allograft recipients pro- 
duced markedly less IFN-y upon in vitro restimulation with 
in-adiated donor splenocytes (WT unmodified=6.15 ng/ml vs. 




Figure 5. Exogenous IL-12 does not exacerbate cardiac allograft 
rejection. C57BIV6 WT recipients of BALB/c cardiac allografts were 
either left untreated or iryected intrapentoneally with murine rIL-12 
(1.0 Mg) on days 1-6 after transplantation. On day 7. allografts were 
harvested for histologic evaluation. (A) H&E-stained secUon of allo- 
grafts from WT recipients left untreated (original magnification. 
X400). (B) H&E-steined section of allografts from WT recipients 
treated with rIL-12 (original magnification, x400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes iand vessels. These characteristics are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis and vascular damage, which is observed on days 8 or 9 after 
transplantation. Results are representative of at least 10 individual 
transplants for each experimental group. 

WT anti-CD8 mAb-treated=0.52 ng/ml). Similarly, Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig. 6), as depletion of 
CDS cells resulted in; a reduction in IFN-y production (WT 
IL-12-treated=35.89 ng/ml vs. WT IL-12 plus anti-CD8 mAb- 
treated=2.75 ng/ml). 

IL-12 Treatment (1.0 yig/Day) inhibits 
Alloantibody Responses 

Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant augmentation 
of serum IFN-y (Fig. 3) and in vivo priming of Thl (Fig. 4), 
one would predict thit IL-12 treatment should drive IgG2a 
alloantibody production. To test this possibility, sera alloan- 
tibody production was assessed on day 7 after transplanta- 
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Figure 6. Alloantigen-specific Thl responding to exogenous rlL-12 
are CD8+ T cells. In these experiments, splenocytes were obtained 
from cardiac allograA recipienU either lea untreated or treated with 
anti-CDS mAb, rIL-12, or a combination of anti-CD8 mAb plus rIL- 
12. Thl function was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN-7 in triplicate samples ± SD. Data are representative of three 
separate experiments, P<0-005 (WT unmodified vs. WT anti- 
CD8 mAb-treated; WT IL.12-treated vs. WT IL-12 plus anti-CD8 
mAb-treated). 

tion in WT cardiac allograa recipients either left unmodified 
or treated once daily with l.O /xg of rlL.12. In these experi- 
ments, sera IgG2a was undetectable in rIL-12-treated WT 
allograft recipients at this time point (data not shown). Fur- 
ther, treatment of WT recipients with rIL-12 resulted in 
reduced sera IgM alloantibody in three independent expen- 
menU, compared to untreated WT recipients (Table 2). This 
observation indicates that high doses of rILrl2 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of IL-12R^1''- allograft recipients with 

Table 2. High-d ose rlL-12 inhibits IgM production in vivo° _ 
" Serum IgM ( mean channel nuorescence) 

Unmodified IL-12 Treatment 
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rIL-12 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects ofLow'dosc IL'12 (0.1 ^IDay) on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipients after 
rIL-12 (1.0 ^ig/day) treatment ITable 2) may have been 
caused by anti-proliferative or toxic effects on B cell function 
caused by rIL-12 and/or IFN-r To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
^ of rILrl2 and sera alloantibody levels were assessed on 
day 7 or 8 after transplantation. No alterations in the pathol- 
ogy of allograft rejection was observed in recipients treated 
with 0.1 of rILrl2 compared to 1.0 ptg (data not shown). 
Further, treatment of WT allograft recipients with 0.1 ^g of 
rIL-12 resulted in significantly less IL-12-induced toxicity, 
serum IFN-y concentrations in these animals were undetect- 
able by ELISA. and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the Cl-^g dose of rIL-12 was ineffective 
in vivo. However, unlike the higher dose of rIL-12 (1.0 /ig), 
treatment of WT cardiac allograft recipients with 0.1 ^g of 
rIL-12 resulted in an increase in sera IgG2a» but not IgGl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION 

Bioactive IL-12 exists as a p70 heterodimer composed of 
p35 and p40 subunits (25. 29). Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R: p40 binds to 
IL-12RP1 and p35 interacU with IL-12R^2 (19, 20)'. Both 
receptor subunits are; associated with members of the Janus 
kinase family {30), and therefore may facilitate IL-12-medi- 
ated signal transduction. However, most of the attention has 
been given to ILrl2Rp2, which associates with JAK2 {301 For 
example, recent evidence supports a requirement for IL- 
12RP2 expression in lL-12-induced phosphorylation of SUt4 
{21, 22). Further, these studies revealed the importance of 
the j32 subunit of ILrl2R by demonstrating that the unre- 
sponsiveness of Th2 to IL-12 in both human {21) and mouse 
(22) is a result of loss of IL-12Rp2 expression by these cells. 
These results indicate that the binding of the p40 subunit of 



Table 3. Low-dose rIL.12 augments IgM and IgG2a production in 
vivo" 



Mean channel fluorescence 



WT 
Experiment 1 
Experiment 2 
Experiment 3 

IL-12Rpi-'~ 
Experiment I 
Experiment 2 
Experiment 3 



37.18 
33.97 
78.51 

17.36 
33.83 
21.67 



9.85 
11.39 
27.37 

31.52 
43.64 
35.96 



IgM 



IgGl 



IgG2a 



Experiment 1 (day 7) 
Unmodified 
11^12 

Experiment 2 (day 8) 
Unmodified 
IL.12 



11,90 
28.94 

31.54 
46.57 



2.06 
2.67 

8.53 
9.72 



2.58 
12.79 

16.31 
49.00 



" Serum was obtained on day 7 aaer transplantation from WT or 
IL-12R01"' cardiac allograft recipients. Animals were either left 
untreated or injected with 1 tig of rIL-12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometry using P815 (H2*') Urget cells as 
described under MatcnaU and Methods. Data are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 



" Serum was obtained on day 7 or 8 after transplantation from 
cardiac allograft recipients either left untreated or injected with 0.1 
tig of rlL-12 once daily. Isotype-specific anti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2"') target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotype 
controls were 1.65 (IgM). 1.67 (IgGl). and 1.57 (IgG2a). 
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lL-12 to 1L-12R01 is not sufficient to mediate the bioactivity 
of heterodimer IL-12. However, we have reported that p40 
promotes alloantigen-specific CD8+ Thl development in the 
absence of heterodimer IL-12 (15). This observation suggests 
that IL-12 p40 mediates its stimulatox7 effect through IL- 
12R01 alone, or that IL-12R01 associates with a yet uniden- 
tified component of II^12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with IL-12Rpl (i). 
Specifically, p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice (31\ are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12R01 in alloimmune 
responses both in vitro and in vivo. 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL-12 to MLC con- 
sisting of WT responder splenocytes resulted in a 10-fold or 
greater increase in IFN-7 production (Table 1; 15). Exoge- 
nous rlL-12 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35. p40 {15) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional IL-12R. In contrast, IL-12 did not 
alter MLC IFN-7 production by splenocytes of lL-12Rpi~' 
mice (Table 1). This result illustrates the requirement of 01 
subunit of 1L-12R for IL-12-driven Thl differentiation in 
vitro. It should be noted that, although IFN-7 production by 
1L-12RP1~'" splenocytes in MLC was reduced compared to 
WT values (Table 1), this cytokine was readily detectable by 
ELISA, suggesting that IL-12 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo (i, 2). However, what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that IL-12 has a central role in the pro- 
gression of acute grafl-versus-host disease (GVHD) in mice 
(6. 321 In these studies, neutralizing IL-12 with a polyclonal 
anti-IL-12 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous IL-12 
converte chronic GVHD inte exacerbated acute GVHD (6, 52). 
Further, Williamson et al. (33) have reported that neutraliz- 
ing IL-12 during the inductive phase of GVHD resulte in a 
Thl to Th2 shia evidenced by a reduction in IFN-y and 
enhancement of IL-5 and IL-10 production by Con A-stimu- 
latcd splenoc>-tes. In contrast to these findings, neutrahzing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intrngrafl Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these grafts are rejected in an accelerated 
fashion compared to untreated recipients il6\ Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
'L-12 U6). This possibility is further supported by the obser- 
vation that splenocytes of IL-12R/31'^ allograft recipients 
produce similar concentrations of IFN-y upon restimulotion 
^ith donor splenocytes compared to WT recipients (Fig. 4>. It 
does not appear that Thl development in IL-12Rpi"'' mice 
is a result of the interaction of endogenous IL-12 with the 
W.afiinity IL-12Rj32, as treatment of these animals with 
'"IL-12 did not augment in vivo priming of IFN-y-producing 
cells (Figs. 3 and 4). 



. A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immune responses. Administration of exogenous 
rIL-12 significantly augmented in vivo sensitization of IFN- 
y-producing cells in WT cardiac allograft recipients, as evi- . 
denced by increased sera IFN-y (Fig. 3) and enhanced pro- 
duction of IFN-y by splenocytes after restimulation with 
donor alloantigens in vitro (Fig. 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5). It is possible that induction of high sys- 
temic levels of IFN-y results in an inhibition of immune 
response as a result of IFN-Vs anti-proliferative properties 
on effector cell development (34). However, graft survival 
was not prolonged after rILrl2 treatment in the current 
study. This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the magnitude of Thl-driven alloimmune response may hot 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejectioh in both human and experimentel 
transplantetion (reviewed in 35). 

Finally, we examined the influence of rIL-12 administra- 
tion on allospecific B cell function. In an experimental system 
in which PVG.RTl" congenic rats were immunized with an 
isolated alloantigen. Gracie et al. {36) reported that treat- 
ment with murine rIL-12 (1.0 ftg^day for 5 days) after allo- 
immunization augments levels of allospecific IgG2b and 
IgG2c, while decreasing IgGl. The authors demonstrated 
that co-administration of neutralizing anti-lFN-y mAb abro- 
gated this response, indicating that the enhancement of B 
cell function by IL-12 was dependent on IFN-y. When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0.1-Mg dose in the mouse. In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
pig of rlL-12/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 after trans- 
plantation (Table 3). However, administration of 1.0 Mg of 
rILrl2/day reduced allospecific B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switeh 
to IgG2a. These observations suggest a biphasic response to 
IL-12 treatment in WT mouse cardiac allograft recipients 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the pi subunit of 
mouse IL-12R is critical for IL-12-driven alloimmune re- 
sponses both in vitro and in vivo, and that ILrl2Rp2 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reports, which have shown that humans 
deficient in IL-12Rpi exhibit severe impairment in their 
resistance to infections as a result of intracellular pathogens 
(J7, 38). The generation of mice deficient in IL-12Rp2 will 
provide an important animal model to evaluate whether fil 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo. Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of IL-12 enhances 
CD8+ Thl development (J5, 76). Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

The mixed lymphocyte culture (MLC) is an established clinical 
method for bone marrow transplantation, as it serves as an in vitro 
model for allogenic reaction and transplantation. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the common mea- 
surement of cell proliferation. Therefore we tried to find an inhibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-Y as one of the most important cytokines in posttransplant 
medicine. Earlier studies showed that zinc is an important trace ele- 
ment for immime function with both stimulatory and inhibitory effects 
on immune cells. We found that slightly elevated zinc concentrations 
(three to four times the physiological level), which do not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture. In this 
report we analyzed the mechanism whereby zinc influences the MLC 
to possibly fmd a nontoxic way of immunosuppression.; 

Index Entries: Mixed lymphocyte culture (MLC); mixed lym- 
phocyte reaction (MLR); trace elements; zinc. 

INTRODGCTION 

The mixed lymphocyte culture (MLC) is a well-established and Im- 
portant tool for determination of compatibility between host and donor 

*Author to whom all correspondence and reprint requests should be addressed. 
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in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (12). It is common to measure T-ceil proliferation in the MLC, but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the post transplant response (3-5), The THl -cytokine interferon-y 
(lFN-7) was identified as the most important factor within the cytokine 
cascade in the MLC (6h It is known to induce cytotoxic T-lymphocytes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class n molecules (8). The IFN-y re- 
sponse mainly depends on HLA-DR differences and it tfierefore well rep- 
resents reactivity between two individuals in the MLC (9), 

In transplantation medicine, cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection. In vitro experiments revealed 
an inhibition of the MLC (10), but, unfortunately, all of these immuno- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity, neurotoxicity, and, probably, carcinogenicity (11-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity. 

Zinc v/ithin the physiological range (12-16 \xM) is an important trace 
element for immune function (14). Zinc deficiency in vivo could be linked 
to various clinical symptoms such as impaired inunime response with re- 
gard to decrease in number, differentiation, and function of T-lymphocytes 
and natural killer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a high incidence of 
bacterial, viral and fimgal infections. These symptoms, in the most severe 
form shovm in the hereditary disease acrodermatitis enteropathica caused 
by malabsorption of zinc, axe completely reversible after adequate substi- 
tution of zinc (15). On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to the fJ-chain of the MHC class II molecule (16,171 
Optimal immune-cell function hence requires a well-balaiKed zinc level 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations with neither cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AND METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMC) were isolated from bixffy 
coats of healthy donors by density centrifugation over FicoU-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-buffered 
saline (PBS, Gibco, Berlin, Germany) and resuspended in RPMI-1640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 
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serum (FCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 
stein, Germany), 2 mM L-glutamine, 100 U/mL penicillin, and 100 jtg/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany). The cells 
were adjusted to a final concentration of 2 x 10* cells/mL Equal volumes 
of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culture plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately. The cultures were incubated for 5 d at 37*C in a 5% humidi- 
fied CO2 atmosphere after addition of the appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deisenhofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 mM. This solution was fur- 
ther diluted in unsupplemented protein-free medium (PFM, Ultradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The zinc solution was added to 
the cultures in a volume of 10% of the final culture volume. 

Determination of Cytokines 

The culture supematants were harvested after 5 d and stored at -80'C 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-lirUced immunosorbent assay (EUSA) technique (for 
IFN-7 provided by Bender Med Systems, Vienna, Austria). Results were 
measured in picograms per milliliter at 450 nm using an ELISA plate 
reader (Anthos Labtec, Salzburg, Austria). 

Flow Cytometry 

Propidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma). CeUs (1 x lO^/mL) were incubated with 
10 jiL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA. Finally, PI staining was measured at a wavelength 
of 620 nm in a flow cytometer (Coulter, Krefeld, Germany). 

Statistical Analysis 

The results are expressed as median values. The significance is taken 
by Student's ^-test analysis. 

RESaUS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested the supematants of zinc-supplemented mixed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre- 
tion (18). Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we found expected amounts of IFN- 
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Fig. 1. IFN-Y secretion in the MLC after zinc supplementation. Zinc con- 
centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supematants was 
determined by ELISA after 5 d of culture. Median values of n = 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's Ntest (V = 0.0017). 

y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependent reduction 
of the IFN-7 level. At 60 \iM, the IFN-y production was significantly dimin- 
ished (48 pg/mL, p = 0.0017); at 500 pM, no IFN-y was detectable (Fig. 1). 

In order to prove our hypothesis that this result— tiiat zinc concen- 
trations of 60 \xM inhibit the MLC— was the result of a specific effect ir\ 
the MLC and not to a loss of T-cell vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measured cell viability by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of the cells 
are still vital after addition of 50 \xM zinc and 92.3% with medium sup- 
plementation of 100 |iM zinc compared to controls without zinc addition 
with 91.3% viability. Zinc concentrations as high as 250 \xM causes a 
reduction of cell survival of 33% (Fig. 2). 

For further arxalysis of possible mechanisms responsible for this inhi- 
bition, we preiixcubated PBMC with 50 \iM zinc for 20 min and then co- 
cultured these two populations in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubaHon of PBMC led to a greater reduction of IFN-y than simultaneous 
zinc supplementation to the MLC (Fig. 3). 



DISCUSSION 

The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow trarisplantation. It 
could be shown that cytokine release, especially IFN-7, h^ a very good pre- 
dictive value with regard to the transplantation outcome (3h as cytokines 
play a major role in the generation of an alloreactive inunune respor\se and 
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Fig. 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 \iM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 
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Fig. 3. Effect of preincubation of PBMC with zinc. Zinc in a concentration 
of 50 \iM was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 fiM zinc for 20 min and then cocultured in a MLC (PBMC + Zx\); 
controls remained unsupplemented. Medians of n = 10 experirhents are pre- 
sented. Significance was calculated by the Student's f-test (*p = 0.01). 

for the induction of graft rejection in vivo (4^). Taking this in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation medicine. Lan- 
dolfo et al. inhibited T-cell reactivity by the addition of anti-IFN-y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
panaeas-tissue transplantation situation (20-22). 
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In vivo substances like cyclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft survival. In vitro, they shovy: an 
inhibitory effect on T-cell proliferarion in the MLC (lOh Yet, all of these 
therapeutical agents cause major side effects (e.g., nephrotoxicity, neuro- 
toxicity, and others), which lead to a limitation of their use (11-13). 

Zinc is an essential trace element with great influence on immune 
function. The physiological plasma level of zinc ranges from 12 tol6 ^iM. 
In our study, we applied zinc concentrations up to 100 |iM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23). 

We found that zinc concentrations of 60 \xM, four times the physio- 
logical level, inhibit alloreactivity in the MLC. It is unlikely that the reduc- 
tion of IFN-Y is the result of a loss of T-ceU activity, as it could be shown 
earlier that T-cells are still able to proliferate in medium supplemented 
with zinc concentrations as high as 100 jiM (24). Furthermore, we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 is required to reduce cell viability by 33% (Fig. 2). 

Inaeased zinc levels of over 100 \iM cause unstimulated hviman 
PBMC to release cytokines (25). This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential cosignal for T<ell activation by zinc. Higher con- 
centrations of zinc impair all T-<ell and monocyte function by inhibition of 
the IL-1 receptor type I-assodated protein kinase (IRAK), thus blocking the 
intracellular signal transduction pathway at a very early stage (24). 

In our study, we applied zinc in concentratioi\s that neither show 
cytotoxic effects nor reach stimulatory level Therefore, there seems to be 
a specific effect of zinc on the responding T<ells in the MLC. 

The resxilts of earlier studies proposed an oligoclonal pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigens (3). 
Fxirthermore, a highly altered vp repertoire of T<ells infiltrating long-term 
rejected kidney allografts were discribed (26). Superantigens bind directly 
and partially with high affinity to major histocompatibility complex (MHC)- 
class II proteins, especially to HLA-DR. T-Cell activation is achieved by 
the formation of a complex of the VjJ-chain of the T-cell receptor (TCR), 
the MHC molecule, and flie superantigen. This binding is regulated by 
zinc, as zinc itself does not interact with the MHC molecule directly (27). 
We previously showed that the HLA-DR and HLA-DQ-molecules have 
the greatest influence on cytokine release in the MLC an4 thus on the out- 
come of a transplantation in vivo (9). 

There are two main possible explanatior\s for the phenomenon de- 
scribed. First, zinc in fl\e applied concentration could saturate the MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populatior\s. If an extracellular mechanism were actually 
responsible for the inhibition of the MLC, we would expect no significant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower IFN-y secretion than the culture of two PBMC 
populations with simultaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more likely that zinc interferes with the intracellular sig- 
nal transduction in the MLC. Therefore, zinc may regulate the aUoreactiv- 
ity of T-<ells and might be an explariation for inaeased preterm delivery 
and abortion in zinc-deficient pregnant women (28,29). As mentioned ear- 
lier, higher concentrations of zinc are able to block the intracellular signal 
transduction pathway by inhibition of IRAK. We propose that the stimu- 
lation of T-cells by an HLA-different cell population can be blocked by zinc 
via specific inhibition of phosphorylation processes, leading to a dimin- 
ished signal transduction in the cell. This results, among other ttungs, in 
reduced secretion of cytokines, which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kinases are involved in zinc-induced 
cell stimulation and zinc also influences gene expression of different im- 
munologically relevant transcription factors such as nuclear factor (NF)-kB 
and metallothionein transcription factor (MTF-1) as well as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remains the 
subject of further investigation. Because the MLC is ir\hibited by very low 
zinc concentrations, this inhibitory effect seems to be a specific pathway. 

In conclusion, zinc could become an iirununosuppressant in trans- 
plantation medicine without toxic side effects/ which still leaves the 
immime system with the ability for phagocytosis. The infection rate will 
therefore be reduced compared to current immunosuppression. How- 
ever, this has yet to be proven in in vivo trar\splantation models. 

REFERENCES 

1. p. Hayry, L. C. Andersson, S. Nordling; and M. Virolaineh, Allograft response In 
vitro. Transplant Rev. IZ, 91-140 (1972). 

2. J. Klein and C L Chiang, Ability of H-2 regions to induce graft-vs-host disease, 
/. Immunol. 117, 736-740 (1976). 

3. S. G. Danzer and L Rink, Cytokines in mixed lymphocyte culture as a prospective 
parameter for tranplanUtion, Med, Klin. 91, 494-500 (1996). 

4. L L. Noronha, M. Eberlein-Gonska, B. Hartley, S. Stephens, J. S. Cameron, and 
R. Waldhen, In situ expression of tumor necrosis factor-alpha, interfcron-gamma and 
interleukin-2 receptors in renal allograft biopsies. Transplantation 54, 1017-1024 (1992). 

5. A. M. Dickinson, L Sviland, R J. Hamilton, R Usher, R Taylor, G. Jackson, et al., 
Cytokine involvement In predicting clinical-graft-versus-host-fdisease in allogeneic 
bone marrow transplant recipients, Bone Marr(jw Transplant. 13, 65-70 (1994). 

6. S. G. Danzer C. a Campo, and L Rink, Interferon-gamnui plays a key role in the 
human mixed lymphocyte culture, Bone Marrow Transplant. 18, 991-996 (1996). 

7. E Maraskovsky, W. R Chen, and K. Shortman, IL-2 and IFN-gamma are two necessary 
lymphokines in the development of cytolytic T cell, /. Immunol. 143, 1210-1214 (1989). 

8. G. H. Wong, L Qark-Uwis, L McKimm-Breschkin, A. W. Harris, and J. W. Schradcr, 
Interferon-gamma induces enhanced expression of la and H-2 antigens on B lym- 
phoid, macrophage, and myeloid cell lines, /. Immunol 131, 788-793 (1983). 

9. S. G. Danzer, C. a Campo, B. Kunze. H. Kirchner. and L. Rink, Identification of HLA- 
DRBl and HLA-DQBl identical individuals by a cytokine-based mixed lympphocyte 
culture, lymphokine Cytokine Res. 13(5), 303-308 (1994). 



Bloiogicai Trace Etement Research 



Vol 79, 2001 



10. J. Woo, H. R SeweU, and A. W. Thomson, The influence of FK.506 and low- 
concentration ciclosporin on human lymphocyte activation antigen expression and 
blastogenesis: a flow cytometric analysis, Scand. J. Immunol. 31(3); 297-304 (1990). 

11. B. Ryffel, The carxrlnogenity of ciclosporin. Toxicology 73(1), 1-22 (1992). 

12. H. Porschke, H. Strenge, and C Stauch, Polyneuropathy and central nervous system 
before and after heart transplantation. Is cyclosporin neurotoxic? Dtsch, Med, Woc/ien- 
schr 116(42), 1577-1582 (1991), 

13. T. Kishimoto, T. Tsujlno, T. Nakatani, T. Kim, A. Ohyama, W. Sakamoto, et al., Effect 
of cyclosporin on cardiac output and regional blood flow in rats; cydosporin-induced 
nephropathy and its prevention with caldum channel blocker, Nephron 61(2), 204-210 
(1992). 

14. N. Wellinghausen, H. Kirchner, and L Rink, The immunobiology of zinc, Immunol. 
Today 18(11), 519-521 (1997). 

15. K. H. Neldncr and IC M. Hambidge, Zinc therapy of acrodermaHtis enteropathica, 
N. E«^/. /. Med. 292, 879-882 (1975). 

16. N. Wellinghausen and L. Rink, The significance of zinc for leukocyte biology, /. Leuko- 
cyte BioL 64, 571-577 (1998). 

17. C Driessen, K. Hirv, H. Kirchner, and L Rink, Zinc regulates cytokine induction by 
superantigerw and lipopolysaccharids. Immunology 84, 272-277 (1995). 

18. S. G. Danzer, H. Kirchner, and L. Rink,. Cytokine interactions irt human nuxed lym- 
phocyte culture. Transplantation 57, 1638-1642 (1994). 

19. S. Landolfo, F Cofano, M. Giovarelli, M. Prat, G. Cavallo, and G, Fomi, Inhibition of 
interferon-ganuna may supress allograft reactivity by T lymphocytes in vitro and in 
vivo. Science 229, 176-179 (1985). 

20. R. H. Didlakc, E. K. Kim, K. Sheehan, R. D. Schreiber, and B. D. Kahan, Effect of com- 
bined anti-gamma interferon antibody and cyclosporine therapy on cardiac allograft 
survival in the rat, TransplantaHon 45, 222-223 (1988). 

21. J. C. Carel R. D. Schreiber, L, Falqui, and R E Lacy, Transforming growth factor beta 
decreases the inrunuogenicity of rat islet xenografts (rat to mouse) and prevents rejec- 
tion in association with treatment of the recipient with a monoclonal antibody to 
interfercm gamma, Proc. Natl. Acad. Sci. (USA) 87, 1591-1595 (1990). 

22. A. S. Rosenberg, D. & Finbloom, T. G. Maniero, P. H. Van der Meide, and A. Singer, 
Specific prolongation of the MHC class II disparate skin allografts by in vivo adndn- 
istration of anti-IFN-gaxtuna monoclonal antibody, /. Immunol, 144, 4648-4650 (1990). 

23. N. Boukaiba, C. Flament, S. Archer, P. Chappuis, A. Piau, M. Fussclier, et al., A phys- 
iological amount of zinc supplementation: effect on nutritional, lipid and thymic sta- 
tus in an elderly populalioa Am. J, Clin. Nutr. 57, 566-572 (1993). 

24. N. Wellinghausen, M. Martin, and L. Rink, Zinc inhibits interleukin-l-dependent 
T ceil stimulation, £wr. /. Immunol, 27, 2529-2535 (1997). 

25. C. Driessen, K. Hirv, L. Rink, and H. Kirchner, Induction of cytokines by zinc iorxs in 
human pripheral blood mononuclear celk and separated monocytes, Lymphokine 
Cytokine Res. 13(5), 15-20 (1994). 

26. K. Gagne, S. Brouard, M. Giral, F. SebiUe, A. Moreau, M. Guillet, et al.. Highly altered 
Vp repertoire of T cells infiltrating long-term rejected kidney allografts, /. Immtmoi 
164, 1553-1563 (2000). 

27. J. D. Frasen R. G. Urbarw J. L. Strominger, and H. Robinson, Zinc regulates the func- 
tton of two superanrieens, Prx. Natl. Acad, Sci. (USA) 89(12), 5507-5511 (1992). 

28. A. Favler and M. Favier, Consequences des deficits en zinc durant la grossesse pour 
la mere et le nouveau-ne, Rev. Fr. Gynecol. Obstet. 85, 13-27 (1990). 

29. A, E Favier, The role of zinc in reproduction. Hormorwl mechanisn\s, BioL Trace E/e- 
ment Res. 32, 363-382 (1992). 



Bloiogicetl Trace Element Research 



Vol. 79, 2001 







% 


, 1 ' ■" 




a LANGE medical book 



Basic & Clinical 

Immunology 



eighth edition 



Edited by 

Daniel P. Stites, MD 
Professor and Chairman 
Department of Laboratory Medicine 
University of California, San Francisco 

Abba J. Terr, MD 

Clinical Professor of Medicine 
Stanford University School of Medicine 
Stanford, California 

Tristram G. Parslow, MD, PhD 

Associate Professor of Pathology 
and of Microbiology and Immunology 
University of California. San Francisco 




APPLETON& LANGE 

Norwalk, Connecticut 




Notice- The authors and the publisher of this volume have taken care to 
make certain thai the doses of drugs and schedules of treatment are correct 
and compatible M ilh the standards generally accepted at the time of 
nublication. Nevertheless, as new information becomes available, changes in 
treatment and in the use of drugs become necessuo'. ^he '^"^^V nnV^ 
caiefully consult the instruction and information matenal included in the 
oackafie insert of each drug or therapeutic agem before admmistraiion. 

Kdvlce is especially important when using new or ^^^^^^^ ^^^^ 
-nie publisher disclaims any liability, loss, injury, or damage incurred as 
a consequence, directly or indirectly, of the use and application of any of 
the contents of this volume- 



Copyright 1994 by Appleton & Lange 

Paramount Publishing Business and Professional Group 

SKStlSsi.^^^^^^^^^^ 1976 by Lange Medical publications 

All rights reserved. This book, or any parts thereof, may not be used or 
reproduced in any manner without written permission. For information 
KfApieton & Lange, 25 Van Zam Street, &LSt Norwalk, Connecticut 06855. 

94 95969798 / 109 8 7 654 3 2 1 

Prentice Hall International (UK) Limited. London 

Prentice Hall of Australia Ply. Limited, Sydney 

Prentice Hall Canada, Inc.. Toronto 

Prentice Hall Hispanoamericana, S.A., Mexia) 

Prentice Hall of India Private Limited, New Delhi 

Prentice Hall of Japan. Inc.. Tokyo 

Simon & Schuster Asia Pie. Ud., Singapore 

Editora Prentice Hall do Brasil Ltd., Rio de Janeiro 

Prentice HalU Englewood Cliffs. New Jersey 

ISBN: 0835-0561-9 
ISSN: 0891-2076 

Acquisitions Editor: Martin Woasiewic/. 
Production Editor: Jennifer Sinsavich 

PRINTED IN THE UNITED STATES OF AMERICA 



ISBN a-a36S-D5bl' 




(liffereni PTKs, Phosphorylation is a common mech- 
anism of regulaiing protein function; indeed, many of 
the PTKs must ihemselvcs be phosphorylaied before 
ihey can become active. Several important types of 
iymphocvic surface receptors (including membrane 
immunoglobulin and T cell receptor proteins) are 
physically linked to specific cytoplasmic PTK pro- 
teins, which become active when the receptor binds 
its target ligand. These receptor-associated PTKs, m 
tum, may then activate other types of PTKs through 
phosphorylation, so that almost immediately a host of 
different PTKs are recruited into the response. By 
phosphor\'laling still other types of substrates, such 
as proteins that control cytoskeletal organization, ex- 
pression of specific genes, and entry into the cell 
cycle, these newly activated PTKs appear to be either 
directly or indirectly respnsible for triggering all 
subsequent events in lymphocyte activation. At pres- 
ent, however, the functions of most individual PTKs 
are uncertain. 

One almost immediate effect of the PTK cascade is 
to activate the enzymatic breakdown of a specific 
class of phospholipids (called pho.sphaiidylinosi- 
tides) within the cell. The products of this hydrolysis 
include 2 small organic molecules, diacylglycerol 
(DAG) and inositol 1,4^-trisphosphate (IP,), 
which are released into the cytoplasm and serve as 
second messengers to trigger additional changes in 
cellular physiology. Among the most notable 
changes is a rapid, marked increa.se in the concentra- 
tion of intracellular free calcium ions, which flood 
into the cylosol from organellar storage pools and 
from the extracellular medium, reaching maximal 
concentrations within 1 minute after contact with the 
activating stimulus. Like PTK activation, these rapid 
calcium fluxes arc thought to be critical for initiating 
the subsequent events in activation. 

Within the first hour after stimulation, the rales of 
oxidative metabolism and of overall protein and 
RN A synthesis in the lymphocyte rise. The chromatin 
begins to dccondense as previously silent genes are 
transcribed and the cell prepares to undergo mitosis. 
After 2-4 hours, specific proteins that are thought to 
regulate cell proliferation, such as the product of the 
proio-oncogene c-myc, become delectable in the nu- 
cleus. In parallel with these biochemical events, the 
moiphology of the cell changes in a process known as 
blast transformation: its overall diameter increases 
to 15-30 urn as both its nucleus and cytoplasmic en- 
large; the nuclear chromatin becomes loose and pale- 
staining; and the cell acquires a prominent nucleolus 
(reflecting a high rate of RNA synthesis). Within 8- 
12 hours, the changes are sufficiently marked that the 
cell can be recognized under the light microscope as 
a lymphoblast— a lymphocyte poised to begin mito- 
sis* DNA synthesis takes place at around 18-24 hours 
after stimulation. The first cell division occurs 2-4 
hours later and, depending on the conditions, can be 
repealed 5 or more limes in succession, at inter\'als as 



brief as 6 hours. The effector cells produced as a re- 
sult of each division mature completely within a few 
days and express the immune functions typical of 
their lineage for .several days thereafter. 



REQUIRESWENTS FOR ACTIVATION 
OF B OR T LYMPHOCYTES 

What are the stimuli that can lead to lymphocyte 
activation in vivo? Certainly, the most important are 
the innumerable foreign antigens that are recognized 
and bound by membrane immunoglobulins or T cell 
receptor proteins. A few types of antigens are in 
themselves sufficient to activate B cells— these arc 
usually highly polymeric proteins or polysaccharides 
lhai are able to interact simultaneously with inany 
immunoglobulin proteins on the surface of a single 
cell. Such multivalent antigens act to cross-link the 
immunoglobulins to one another, so that eventually a 
great many immunoglobulins are gathered at one 
pole of the cell surface at the point of contact with 
antigen— a phenomenon known as capping (Fig 
2-9A). This dense local aggregation of immunoglob- 
ulins, each of which is bound to antigen, transmits a 
very effective signal and is enough to trigger B cell 
activation. 

Activation can also be induced under artificial con-r 
ditions by cross-linking other types of surface mole- 
cules (Table 2-4). Among the agents used for this 
purpose are certain lectins (sometimes called mito- 
gens), which can activate T and/or B cells by cross- 
linking surface glycoproteins. Similar results can be 
obtained by using multivalent antibody complexes to 
cross-link some T cell surface proteins (such as CD3) 
that are able to transmit signals to the cytoplasm. Al- 
tematively, lymphocytes can be activated pharmaco- 
logically by being treated with agents that directly in- 
Table 2-4. Mitogens and other conditions used to activate 



tymphocytes in vitro. 



Mitogen or Condition 


Specificity 


Lectins 




Concanavalin A 


T cells 


Helix pomatia^din 


T ceils 


Phytohemagglutinin 


T cells; few B cells 


Pokeweed mitogen 


T and B celts 


Wheat germ agglutinin 


T cells 


Artif icia! croso-llntcing of specific 
surface proteins 




Immunoglobulins 


B cells 


T cell surface markers (eg. CD3) 


T ceHs 


Phamnacologic agents 




Phorbol myristyl acetate plus cateium 
onophore (eg. Ipnomycin) 


T and 8 cells 
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duce calcium IIuxcn and olhcr iinportanl signaling 
events, thereby bypassing the surface rccepiors en- 
tirely Such potent artificial aciivaiors arc ohen used 
in clinical testing to siudy lymph* Kryie rcspimscMn 

vitro. ... 

The majority of antigens cnctumtcred in naiurc. 
however, arc not polymeric and m. do not cross-link 
rccepiors. Even when many copies of such an antigen 
bind individual immunoglobulins on a B coll, they 
generate only an incomplete signal. whiL h fails to ac- 
tivate the cell. B cells can be acti\ated by these more 
common antigens .miy if they are simultaneously 
stimulated by a neaity aciivaiCil helper T lympho- 
cvie. This stimulation may be delivered by 
lymphokines secreted from the T cell, but is transmit- 
ted most efficientl) through direct Ci»niact of the B 
cell with T cell surface proicms In ouhcr case, ihc 
helper-cell-derived proteins (which will be referred 
to in this book as helper factorsi interact with non- 
immunoglobulin receptors on the B coll to generate a 
second signal. The combined effects of the helper 
factors and the bound antigen then act synergisiically 
to cause B cell activation. 

In a similar manner, T lymphiKyte responses to 
most antigens also require 2 types of stimuli simulta- 
neously. The first is provided by the antigen, which, 
if appropriately displayed by MHC proteins on an an- 
tigen-presenting cell, can be recognized and Nmnd 
by T cell receptors. When it binds an amigen-MHC 
complex, the T cell receptor sends a signal to the cell 
interior, but this signal alone is usually not enough to 



cause activation For helped T cells, full activation 
also requires ti.ntacl with other specific ligands, 
known as costimulators, ihal arc expressed on the 
suri'acc ol the aniigen-prescnting cell. Activation of a 
cytotoxic T cell, on the oiher hand, generally requires 
IL.2. a c>ti»kinc secreted by activated helper T cells. 

In summary, ii is important to recognize that acti- 
vation of a lymphocyte is cimirolled not only by anti- 
gen bindine but alsv. by interactions with other cells 
(Fig 2-^Br all T cells nuiNt cooperate with antigen- 
presemine cells, whereas B cells and cytotoxic T 
cells depend on lielper T lymphocytes. These interac- 
tions either require direct surface-to-surface contact 
or are mediated by highh labile cytokines that act 
only over extremely short distances. Owing to this in- 
terdependence among cell types, lymphocyte activa- 
tion (Kcurs mosi commonl v and efficiently in the sec- 
ondary In mphoid organs, where lymphocytes, 
antigens, and amigen-prcNeniing cells encounter one 
another at clo.sc quarters 

LYMPHOID ORGANS 

LvmphtK-vtCN are normally present in the blood at 
a concentration of approximately 2500 cells/mm' and 
so account for roughly one-third of all penpheral 
while bloiHi cells. Each individual lymphocyte, how- 
ever spends mt>st of its life within solid tissues, en- 
tering the circulation only periodically to migrate 
from one resting place to another. Indeed, at any 
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Figure 13-8. Ttme-response curve lor antigen slimula- 
ticJi ol 10*^- lymphocytes. Responses of peripheral blood 
lymph-x'/tes from 15 normal adults with delayed hyper 
sensitivity to the antigen. Celts were cultured as de- 
scribed in the legend to Fig 13-7. Antigen concentration 
lor all cultures was 15 n!3/mL. Maximal response occurred 
on days 5-7 of culture. Results a-e plotted as the mean ± 
1 SD. for 15 individual detefmina:ions. 



until the culture has been allowed to continue lor 5-7 
days. Fig 13-8 clear! v illuslralcs both ihe usefulness 
of and ihc necessilv for performing careful time- and 
dose-response kinetics in assessing human lympho- 
cvte function. 



MIXED LYMPHOCYTE CULTURE 
& CELL-MEDIATED LYMPHOLYSIS 

Mixed lymphocvie culture (MLCl is a special case 
of antigen slimulalion in which T lymphcKytes re- 
spond to foreign hislocompatibiliiy antigen on unre- 
lated lymphocytes or monocytes. This lest is per- 
fomied as either a "one-way" or **2-way" assay (Fig 
1 ■(_9) In the one-wav MLC, the stimulating cells are 
treated with either irradiation {- 200() R) or mitomy- 
cin to prevent DNA synthesis withoul killing the cell. 
The magnitude of the response is then entirely the re- 
sult of DNA synthesis in the nonirradialed or non-mi- 
tomycin-treated cells. In the 2-way MLC, cells from 
both individuals are mutually siimulaiing and re- 
sp^inding. DNA svnihesis represents the net respon.sc 
of both sets of cells, and the individual contributions 
cannot be discerned. The culture conditions, lime ol 
exposure. 'H-Tdr pulse labeling, and harvesting pro- 
cedures arc usuallN identical to those for antigen simiu- 
laiion. Controls iiiclude cocullurc of syngeneic irradi- 
ated and nonirradiated pairs and coculture oi 
allogeneic irradiated pairs. The first control provides 
baseline DNA svnthesis. and the second ensures ade- 
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(effeciorl (iem.tiz.ng) < O-tabeledl 

Figure 13-9. MLC .i-d OM nj^savs schernat.cn'iy reo'e- 
so- tpd Co'is ib:ari< a-.cJ v.'.it- oa-s) 'roT: soprrax -nd * 
vidjais are cuitured. In MLC. DNA syr-thes.s m 
re'^.ponding (nomnactivalcdi cell is measured. In LML 
as::.av. the at5.i.i> ot "A ceH ic t;Ht = 'Cr-labeied "B" ceMs is 
measured See the tati for k:rther (^fvptaaation | H]-TdR 
tr'i.ated thyfTiidine. (Reproduced witn permrssion. ironi 
B-^ FH Van Rood JJ: T^c• ir.aior histocornpalibiiity conv 
puJjx. Genetics and biology. NEngi J Me:i 1976.295:806. 
872). ■ 



quatc inaciivation by irradiation (or mitomycin » of 
the siimulalor cells. . ' ■ 

In the use of Mir as a test for T cell function, dil- 
Ikullics in quantitation often arise owing U> variations 
in stimulator cell antigens that determine the degree 
of genetic disparity between stimulator and responder 
cells To overcome this difiicull) and produce a more 
siandardiicd test, frozen aliquots of viable pooled 
human allogeneic cells have been employed as stim- 
ulator cells. ; 

The siimulaiing antigens on human cells are class 1 
MHC molecules encoded by ihe ULA-D locus (see 
Chapter 5). Responding cells are primarily T lympho- 
cvies with obligate macrophage ctwi^eration. B cells 
can also respond in MLC. since a marked increase m 
immunoglobulin symhesis can be detected. MLC 
may be used as a hiskjcompatibility assay (see Chap- 
ter 16) and as a test for i!nmun(Kompeience of T 
cells, particularly in immunodeficiency disorders 
(see Chapters 20 and 21). 

Cell-mediated lympholysis (CML) is an extension 
of the MLC technique in which cytotoxic effector 
cells generated during MLC are detected (Fig 13-*^). 
This test involves an initial one-way MLC culture 
followed bv exposure of stimulated cells lo Cr- 
labeled target cells specifically lysed by sensitized 
killer IvmphtH vtes. These target cells arc HLA-iden- 
tical to the stimulator cells in MIX Cytotoxicity is 
measured as the percentage of "Cr reica.sed in spe- 
dfic target cells ctwipared with the percentage ot 
''Cr released from control tntmspccitlc) target cells. 
Several lines of evidence indicate thai cells which 
proliferate in MLC and killer cells which participate 
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• CMl assav arc not ideniical. Killer cells are gener- 
J (hat have specillcity for class I MHC antigens on 
uriiet colls, whereas in class il MHC antigen differ- 
ences determine the reaction. CML assays provide an 
additional measure of T cell function and can be used 
10 estimate presensitization and hisiocompaiibility in 
clinical transplantation tsce also Chapter U>l. 

CLINICAL APPLICATION 
OF T & B CELL ASSAYS 

Countinc i>f T and B cells in peripheral blood and 
tissue specimens has limited application in both the 
diagnosis and investigation of pathophysiologic 
mechanisms of many disease states. Functional as- 
says are even more limited in value primarily to stud- 
ies of immune deficiency disea.'ics. Current applica- 
tions include the following. 

(1) Diagnosis and classification of immunodefi- 
ciency diseases (see Chapters 18-22 and 52). 

(2) 'Deienninaiion of origin of malignant lympho- 
cytes in lymphocytic leukemia and lymphoma (see 
Chapter 45). 

(3) F-valuation of immunocompctence and mecha- 
nisms of tissue damage in autoimmune disease, eg. 
systemic lupus erythematosus and rheumatoid arthri- 
tis (see Chapter 31). 

(4) Detection of changes in cellular immune com- 
petence in HIV and other infections that may be of 
prognostic value (see Chapter 52). 

(5) Monitoring of cellular changes following organ 
transplantation (see Chapter 57). 



NATURAL KILLER (NK) CELLS 

Natural killer (NK) cells can be enumerated by spe- 
cific monoclonal antibodies using methods identical 
to those for T and B cells (see Chapter 17). Several 
monoclonal antibodies are available that detect cither 
Fc receptors (CD 16) or specific differentiation anti- 
gens (CD56. CD57) present on these cells. Some NK 
cells al.so express antigens from the CD2 T cell fam- 
ily. Functional testing is done by measuring the abil- 
ity of these nonimmune cells to kill special target cells 
such as crythroleukemia cell line K562. Cytotoxicity 
is usually performed by using the • 'Cr release assay, 
similarly to cell-mediated lympholysis (Fig 13-9). 



MONOCYTE-MACROPHAGE ASSAYS 



The morphologic identification of normal periph- 
eral blood numocytes in stained peripheral bUKKl 



films ordinarily is quite simple Monocytes are larger 
than granulocytes and most lymphocyles. They typi- 
cally have round or kidney-shaped nuclei with fine, 
lightly stained granules. However, in suspension or 
even in tissue or blood specimens, additional markers 
may be required to differentiate monocytes from lym- 
phocytes and primitive myeloid cells. 

A reliable .stain for monocytes is so-called nonspe- 
cific esterase, or (X-naphihol esterase, which is pres- 
ent in monocytes but absent in most myeloid and 
lymphocytic celisi Monoclonal antibodies directed at 
specific differentiation antigens such as CDI4 are 
available. 

Functional attributes of monocytes are discussed in 
detail in Chapter t. In the clinical laboratory, phago- 
cyto.sis of particles or antibody-coated heat-killed mi- 
croorganisms is useful for functional identification (»f 
monocytes. 



NEUTROPHIL FUNCTION 



Polymorphonuclear neutrophils (PMN) iire bone 
marrow -derived leukocytes with a finite life span, 
which play a central role in defense of the host 
against infection. For many types of infections, the 
neutrophil plays the pritnary role as an effector or 
killer cell. However, in the blotxJstream and extravas- 
cular spaces, neutrophils e,\ert their antimicrobial ef- 
fects through a complex interaction with antibody, 
complement, and chemotaciic factors. Thus, in as- 
sessing neutrophil function, one cannot view the cell 
as an independent entity; its essential dependence on 
other immune proces.ses. both cellular and humoral, 
must be taken into account. 

Defects in neutrophil function can be classified as 
quantitative or qualitative. In quantitative disorders, 
the total number of nonnaliy iunciioning neutrophils 
is reduced below a critical level, allowing infection to 
ensue. Drug-induced and idiopathic neutropenia (see 
Chapter 33). with absolute circulating granulocyte 
counts of less than IO(X)/^iL, are examples of this sort 
of defect. In these situations, granulocytes are func- 
tionally normal but are present in insufficient num- 
bers to maintain an adequate defense against infec- 
tion. In qualitative neutrophilic di.sorders. the total 
number of circulating PMN is either normal or some- 
times actually elevated, but the cells fail to exert their 
normal microbicidal functions. Chronic granuloma- 
tous di.sease is an example of this type of disorder 
(sec Chapter 22). In patients w ith chronic granuloma- 
tous disease the normal or increased numbers of cir- 
culating neutrophils are unable to kill certain types of 
intracellular organisms. 

Phagocytosis by PMN can be divided into 5 dis- 
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CELLULAR ASSAYS 

FOR HISTOCOMPATIBILITY 

In vivo, recognition of nonself antigens and de- 
struction of cells bearing such markers is accom- 
plished by cells of the immune system. Some of the 
clinically relevant class II HLA antigens that can trig- 
ger the immune response are not readily delected by 
the serologic methods discussed ab(»ve. Instead, lym- 
phocytes are used as discriminatory reagents for the 
HLA-Dw and -DP antigens and as indicators of 
histoincompatibilily between donor and recipient. 
The functions of cellular recognition are utilized in 
the MLC, HTC, and primed lymphocyte typing 
(PLT) tests, and the dual functions of recognition and 
effector cell killing are used in ihe C'ML test. 

MLC Test (See Chapter 1 3) 

This is also known as the mixed-lymphocyte reac- 
tion (MLR). When the lymphocytes of 2 HLA-dispa- 
rate individuals are combined in tissue culture, the 
cells enlarge, synthesize DNA, and proliferate, 
whereas HLA-identical cells remain quiescent. The 
proliferation is driven primarily by differences in the 
class II HLA antigens between the 2 test cells. 

On the basis of MLC testing, class II antigens were 
originally described as a series of lymphocyte- acti- 
vating delemiinants. products of the HLA-**D" Kkus 
(-Dwl. -Dw2, etc). No D locus products have ever 
been isolated, however, although several distinct **D 
region" loci (-DR, -DQ. and -DP) and their alleles 
have been identified. Dw **antigens*' are now consid- 
ered to be immunogenic epitopes formed by combi- 
nations of D region determinants that can be recog- 
nized by T cells. Distinct Dw types may represent 
unique haplotype combinations of various D region 
products. 

Reactivity in MLC probably reflects the initial im- 
mune recognition step of graft rejection in vivo. The 
more immunogenic the D locus difference, the 
greater the cellular response in MLC and the more 
likely the rejection of the graft. Normally, both cells 
will proliferate, forming the 2-way MLC. To monitor 
the response of a single responder cell (the one-way 
MLC), the partner cell (stimulator) is inactivated by 
radiation or drugs (such as mitomycm C) that inhibit 
DNA synthesis (Fig 16-4). A maximum proliferative 
response usually occurs after incubation at 37 °C for 
5-6 days. The culture is then pulsed with I *H]thymid- 
ine for 5-12 hours to label the newly synthesized 
DNA. Finally, the cells are harvested, washed free of 
unbound radioactivity, and counted in a beta counter. 

A properly composed MLC test includes a check- 
erboard of one-way combinations of each cell serving 
as both stimulator and responder with all other celts. 
Each cell must be controlled for its ability to both 
stimulate and respond to HLA-mismatched cells. 
Normally, 2-4 unrelated control cells of known class 
II HLA type are tested individually with each family 
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Van Rood JJ: The rr.ajor his!«>:cmpai Sility comple*:: Ge- 
retcs and biology. N Engl J Med 1976:295:806. 672.) 



member. The maximum response of each cell is ob- 
tained by exposure to a ptnil of irradiated stinmluior 
ce 1 1 s of d i verse H LA types. 

Autologous controls combining self with irradi- 
ated self are also run to nonnalize the response of 
each cell to stimulators. Kach test should be run in 
triplicate. It is ab.solutcly necessary to perform the en- 
tire familial MI.C at one time owing to the inherent 
vuriability of individual cellular responses from day 
to day. 

Results are expressed as a stimulation index (SI) or 
relative response (RR). The SI is the ratio of counts 
per minute of the lest over the autologous test for that 
cell: 

SI = com of vs Stimulator ilrradialecl) 

Responder vs Responder < Irradiated) 

A value of SI < 2 is interpreted as HLA identity at 
HLA-D. The RR calculates the response in the CKper- 
i mental MLC relative to the ma.ximum response of 
that cell elicited by the pool. Counts per minute of 
both are corrected by subtraction of the autologous 
control lor the resptmder coll. 
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[VILC testing can be useful in selecting the most 
compatible (least stimulatory) organ donor if several 
nonidentical family members (matched for xero or 
one haplotype) are available. The donor who is the 
least stimulatory to the patient is the preferred organ 
donor. The results of an inirafamilial MLC can ad- 
dress such questions as ( I ) Arc 2 serologically idemi- 
cal OR antigens also functionally identical? (2) Is the 
individual with only one identifiable DR antigen a 
homozygoie. or is the DR "blank" really a second DR 
antigen that was missed in the serologic testing? (3) 
Arc the serologically assigned class 11 antigens con- 
sistent with Ihc MLC results? If apparently HLA- 
idcntical individuals are reactive, there may have 
been a genetic recombination event. 

The MLC test is frequently used to confinn appar- 
ent HLA identity in the living-related transplant situ- 
ation and is especially useful if haplotyping could not 
be accomplished. When the HLA-identical recipient 
and donor are unrelated, as in voluntary bone marrow 
donation. MLC testing is extremely important in re- 
vealing hidden class 11 incompatibilities that could 
affect recipient tolerance to the graft and promote 
graft-versus-host disease. 

HTCTest 

MLC nonrcactiviiy indicates HLA-Dw identity, 
and therefore the MLC test can be used to type for 
specific Dw alleles. Since most, individuals to be 
tested are heterozygous at the D region, it follows 
that the stimulator cell must be homozygous for a 
given Dw antigen to result in MLC nonresponsive- 
ness. Such HTCs have been identified in the random 
population, but the best source for HTCs is among the 
progeny of first-cousin marriages. True HTCs are 
rare and precious reagents, and few laboratories can 
afford to maintain the large cell panel necessary for 
complete and accurate testing. 

The lymphocytes to be Dw typed are set up as re- 
spenders in multiple MLC tests, each test with a dif- 
ferent inactivated stimulator HTC. HTC testing can 
discriminate among the various subtypes of .serologi- 
cally identified DR antigens and thus can provide a 
finer definition of true class II HLA compatibility. 

PLTTes« 

Lymphocytes already exposed (primed) to a spe- 
cific antigen in a primary MLC will proliferate rap- 
idly on reexposure to the same antigen. Thus, a 
primed cell can be used to test an unknown cell for 
the presence of the original stimulating antigen. With 
cells primed to class II HLA antigens, this assay can 
be used as an HLA typing lest for D region antigens. 



As in HTC typing, an extensive panel of specifically 
primed cells must be maintained for PLT testing, 
PLT was used to type for DP antigens, but this 
method has been .supplanted by molecular typing 
methods and is now tmly rarely used. 

CMLTest 

In primary MLC. exposure to nonself class I and 
class MHC II antigens can result in the generation of 
cytotoxic T lymphocytes (CTL). CTL kill their tar- 
gets through direct contact, probably by the release of 
toxic mediators thai lead to cell lysis. CD4 and CD8 
CTL can be found infiltrating kidney allografts dur- 
ing rejection and^ arc considered to be imporiani ef- 
fector cells in graft loss (see Chapter 57). To test for 
the capacity to generate CTL. a primary MLC is run 
with the patient as the responder and prospective 
donor cells as inactivated stimulators. After the 
MLC, the patient's cells are harvested and then 
reex posed in culture to fresh donor target cells that 
have been loaded with "Cr (Fig 16-4). Usually, the 
targets are preincubated with the mitogen phytohe- 
magglutinin (PHA) for 6 days, since PHA-activated 
bla.st cells can incorporate more -^'Cr than resting 
lymphocytes can.^ CTL and targets are plated in effec- 
tortarget-cell ratios of 100:1,50:1. and 10:1. Control 
wells include targets alone to mca.sure the spontane- 
ous release of label and test wells containing target 
cells that are treated with detergent to release the 
maximum incorporated label. The test requires 4 
hours of incubation in a humidified CO, atmosphere 
at 37 °C. At the conclusion, the supernatant of each 
te.st well is sampled and counted. In the experimental 
wells, the amount of ^'Cr released is corrected for the 
background level of spontaneously released label and 
compared with the maximum amount of label re- 
leased: 



cpm t Experimental) - 
% Specific ^ cpm (Spontarwous) ^ 
Release cpm (Manlmum) - 
cpm (Spontaneous) 



Elevated counts of 30-50^ above spontaneous back- 
ground are indicative of CTL activity. 

Direct CML testing can be used to monitor post- 
transplant rejection by testing for the presence of ac- 
tivated circulating anti-donor CTL The patient's 
PEL are placed directly in culture with *'Cr-labeIed 
donor cells as targets. An elevated donor cell lysis 
compared with pretransplant levels is considered evi- 
dence of circulating CTL, which are particulariy 
prevalent during rejection. 

CML testing has applications in living-related 
renal and bone mianow transplantation. The preferred 
kidney donor will be the one who fails to stimulate 
the recipient to fbrm CTL. In bone marrow transplan- 
tation, the recipient is at risk for immune attack by the 
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Table 20-1. Evaluation of cell-mediated immunity. 



Test 


Comment 


1 Oiai lyiTipriooyic wum 


Normal a1 any age: 
>1200^L. 


Delayed hypersensitivity skin 
test 


Used to evaluate specific im- 
munity to antigens. Sug- 
gested antigens are 
Candida, mumps, purified 
protein derivative, and strep- 
tokinase-streptodomase 
(4 units/0. ImL). 


Lymphocyte response to mi- 
togens (PHA), antigens, 
and allogeneic cells 
(mixed-lymphocyte culture) 


Used to evaluate T cell func- 
tion. Results are expressed 
as stimulated counts divided 
by resting counts (stimulated 
index). 


Total T cells using monoclo- 
nal antibodies to CD3. 
C02.orCD4 plus CD8 


Used to quantitate the num- 
ber of circulating T cells. Nor- 
mal: >G0% of total 
lymphocytes. 


Monoclonal antibody to T 
cells and T cell subsets 
(CD4andCD8) 


Determines total number of 
T cells as well as T cell sub- 
sets, eg, helper/suppressor. 


Cytokine production (IL-1 , IL- 
2. lymphotoxin. tumor ne- 
crosis factor, etc) 


Used to detect specific cytok- 
ine production from subsets 
of mononuclear cells as an 
index of function. 


Helper/suppressor T cell func- 
tion 


Provides infomnation on T 
cell regulation of immunity. 



Clinical Features 

A. Symptoms & Signs: The most frequent pre- 
senting sign in patients with DiGeorge's .syndrome 
occurs in the first 24 hours of life with hypocalcemia 
that is resistant to standard therapy. Various types of 
congenital heart disease have been described, includ- 
ing iniemipted aortic arch, septal defects, patent duc- 
tus arteriosus, and truncus arteriosus. Renal abnor- 
malities may also be present. Some patients have the 
characteristic facial appearance described above. Pa- 
tients who survive the immediate neonatal period 
may then develop recurrent or chronic infection with 
various viral, bacterial, fungal, or protozoal organ- 
isms. Pneumonia, chronic infection of the mucous 
membranes with Candida, diarrhea, and failure to 
thrive may be present. 

Spontaneous improvement of T cell immunity oc- 
casionally occurs. These patients are considered to 
have "partial" DiGeorge's syndrome, but the reason 
for the spontaneous improvement in T cell immunity 
is not known. Patients have also been suspected of 
having DiGeorge's syndrome on the basis of 
hypocalcemia and congenital heart disease with or 
without the abnormal facies but have been found to 
have normal T cell immunity. Subsequently, these 
patients may develop .severe T cell deficiency. 

B. Laboratory Findings: Evaluation of T cell 
immunity can be performed immediately after birth 




Figure 20-1. Infant .vitl^ D.Georgc f> syndrome Promi- 
nent are low-set ana -nal^or^ed ears, iiyperietorisni. and 
lish-shaped tnouth. Also note the surgical scar H*oni car- 
diac surgery. ' - 



in a paiicnl suspcclod of having DiGeorgc's syn- 
drome. The lymphocyte count is usually low 
(<1200/mLi hut'may bi* normal or elevated. In the ab- 
sence of stress durinc the newborn periixl. a lateral- 
view x-ray of the anicrii>r mediastinum may reveal 
absence of the thymic shadow, indicating failure of 
normal development. Delayed hypersensilivitv skin 
tests to recall antigens are of little value during eariy 
infancy, because sufficient time has not elapsed for 
sensitization to Occur. T cells are markedly dimin- 
ished in number, and the peripheral bloixi lympho- 
cytes fail to respond lo phytohemaggluiinin (PHA) 
and all ogene ic ce I Is . 

Studies of antihixJy-mediaied immunity in eariy 
infancy are not helpful, because immunoglobulins 
consist primarily of passively transferred maternal 
IgG. Although it is believed that some of these pa- 
tients have a normal ability to pn>duce specific anti- 
body, the majority have some impairment of antibody 
formation. Sequential studies of both T cell and B 
cell immunity are necessary, since spontaneous re- 
missions and spontaneous deterioration of immunity 
with time have been described. 

A diagnosis of hypoparathyroidism is established 
by the demonstratii>n of low serum calcium levels, el- 
evated serum phosphorus levels, and an absence of 
paralhvroid hormone. Congenital heart di.sease may 
be diagnosed immediately following birth and may 
be mild ot severe. Other congenital abnonnalilies in- 
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TFPOXAUN A NOVEL IMlVrQNO COMPOUND, 
^^mtB CSA IN Si™^ON OF ^A^^US. 
HOST REACTION AND ALLOGENEIC SKIN GRAFT REJECTION 

WAi-PiNG Funo-Leung,' Bahbara L. Pope, Erika Chourmouzis, Julie A. Pakak^, and 
" ^ Catherine Y. Lau 

The JLW. Jahfu^n PharmaanUical S^tsearch liuttUuK Dan Mim, OtUoHo mC lh9, Cajux^ 



Tepoxalin, a doal Wipoxygenase and cyclooxyg^- 
ase iTdubitor with nonBteroidal antiiiifUinmatoty 
fects, has recently been bHowxi to Buppr^s NFkB 
SSactivation and inhibit T oeO proliferation Via a 
mechanism very different irom cyclosporine (CaA). In 
tibis report, we demonatrate that this nov^ inununo- 
supprwsive effect of tepoxalin is manifested in in vivo 
ta^Tsplantatibn models. Tepoxtdin suppressedmunne 
spleen oeB proliferation m a mixed lymphocyte reae- 
tion (MLR) with an IC^o of 1-3 |xWL Coadministration of 
tepoxalin arid CsA in MLR ctJltures showed an addi* 
tiVe inhihilorv effect. Oral administration of tepoxalin 
at 12 mgAcg/dJc? to mice wippreased local |fa^-^«ff ^ 
host (GVH) reaponaes by about 40% (n=:10). Combina- 
tion of tepoxalin and CsA at subopti^doses syn^ 
gized their immunosnpprewnve effects on CrVH 
resDonses (n=SO). In skin transplantation, the median 
^S^?^time ^ allo^neic BAXJB/cBy J (H-S^) mouse 
s^^J^^ onto C3H/HeJ mice was 10^ days 

(n^Bh Bud was prolonged to 15.0 days (n«9) for re^ 
lent mice administered tepoxalin at J50 mg&g/day . Oo- 
adndnistration of suboptimaldoses of tepoxato {12^ 
mato/day) and CsA (50 mg&g/day) prcdong^ skin 
Sift i^ons dramatically <WV^n^'' 

for mor^ than 40 days, n=9). Taken together, 
these results demonstrate that tepoxahn is a potent 
immunomodulatory compound that, when combmed 
with CfiA. provides synergistic immunosuppr^ we ac- 
tivity- The'fact that tepoxalin and CsA act on different 
S^anLriptiori factors, NFkB and NFAT respect^eb^, 
might expUiin the synergistic suppressive effects 
both compounds were used- Tepoxahn could be 
an important addition to the cohort of unmunosupj 
prcssive therapies currentty used hi sohd organ and 
bone marrow transplantations. 

The immune response in transplantation, which results in 
graft i^ection and graft-versua-bost (GVH)* response, is pn- 
maiily triggered by T cells throng re«)gnitian of alloanti- 
gens {1^4) Suppression of immune response could be 
achieved using agents interfering with T ccU activation and 
effector ftmctions. The use of qydosporine (CsA) as an mmm- 
nOBuppressant in transplantation has been documented (5, 
6) CsA inhibits T cell activation by inhibiting the nuclear 
translocation of the nuclear factor NFAT (7, 8), However, 
CsA has associated toxicities and side effecte ^i^en used at 

» AddrcBB correiipcmderoe to Br. Wai-Ping Ftrng-LBimg. The R.W. 
Johnwn PhannaceuUcal Raseurefa Institute, 3S35 General Atomics 
Courts Suite 100, San Dieffo, California 92121. 

• AbbrevietionB: CsA, Qxlosporine; CO, cydooxygeoMe; QVH. 
graftrversus-host; LO. S-Upoxygenase; MLR, mixed lymphocyte re- 
action. 



therapeutic doses {91 Compounds that suppress T ceH-roe- 
diated immime response with mechanisms different from 
that of CsA will tmdoubtedly be valuable additions to the 
cohort of the current regiments. 

Tepoxalin (5-[4-chlorophonyl]-N-hydro3Cf-l4rmethoxyphe- 
nyl>N-methyl-l-H-pyrazole-3-propanamide) was discovered 
originally as a dual inhibitor of 5-lipoxygBnaae CLO) and 
tgrdooxygenase (CO) and exhibits potent nonsteroidal antiin- 
flammatory activities in animal modda of adjuvant arthritis 
(10^22). Recently we found that tepoxalin also inhibits 
0KT3'indiiced T cell proliferation via o mechanism \^ry dif- 
ferent from that of CsA (13). CsA is known U> ^}ock 11.2 
production after activation of T cells througji TCR/CD3, 
whereas tepoxalin inhiikrits IL-2 induised signal transduction . 
{131 An in-depth investigation of the mechanism of action 
reveals that tepoxalin inhibits predominantly NFkB activa- 
tion U4), whereas CsA is most effective in blocking NFAT 
transactivation (7, 8). Because of these different mechanism, 
of actions, a possible additive/eynei^iBtic effect of the com- 
bined t^xahn and CsA treatment is expected. In this re- 
port, we demonstrate that tepoxalin is indeed effective in 
suppressing mixed lymphocyte reactions (MLR). ^VH re- 
sponses, and allogeneic skin graft rejections in mice. The 
synergistic effect of tepoxalin and CsA in immunosuppres- ,^ 
sion was also studied. The possible mechanism of tepoxahn m',}| 
immunosuppression and its potential dinical application arc ^ 
discussed. 

MATERIALS AND METHODS 

Mice Inbred C57BU6J, CSH/HeJ, and BALB/cByJ mice ^ : 
BBD2F,A1 mice were obtained fronj the Jackson Lebcnratoxy (Bar/ 
Harbor, ME). Those used in experimanta were malu aiice at about . 
€-10 weefcB of age that weighed 18-26 gs. ^ n * i 

Preparaiion of test wmpouruU. Tepoxalin. naproxen, and xUeut^ , 
were synAesised by the R.W. Jahnaon Phannaceutical Researd) ; ; 
Inrtitote (Raritan, KJ). CaA (Sandimmune i.v.) was Crom SandM ^ 
(Quebec. Canada). For MLR experiments, etock aolutions of tepoxa-.v 
Hn, naproxen, and aileutan were prepared in DMSO at 30 mM and ; 
dUutcd to working ccncentratione in culture medium at the fame oi , 
experiments. DMSO at concontrations equivalent to those of the tesfc. 
compounde wen. used as controls in WUR assays. For experiments 
GVH responfles and skin graft rejectianK, microniied tepoxalm ana > 
naproxen were suspended in 0.6% methylceUulose (Sigma. St Louis. , 
MO) at concentrations of 6 mg/ml or lower. The vehicle control w^ . ^ 
the equiTftlent volume of 0.5% mcthyloellulofte Zileuton was di&-. ^ 
solved in 60% polyetiiylene glycol 200 (Sigma, St LmiiR; MO), anO: .^t 
the corresponding vehicle control was the equivalent vohmxe of poV' 
cAylene glycol 200. CaA was diluted in salme. All compounds wer^. • 
dissolved in vehide Just prior to administration to mice at volumea «i 
0.01 mi per gram body weight 
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were washed ance with PBB and tben tMuapended in 

Ita-metcnptodhanrf. Basp<mder spleen «^ <2.5xl0') fi^ 
mi naot (H-2*) we™ rtiiimlated Ijy 2.8X itf* inwhated (2000 
S°r~n» fttmi B6D2P,tf mice (H-iT'). '^."'"^"t 
STtor cclU vw* cocuhored ta 260 medium eontatotog 
K^tnitionBofthe tested ^ ^'it^f,"^ 

was odd«l to the eulturea (0 J> ^ * 

^^haryested • T,«nlec Hamster 96, MAOI D 

^^Ite seintiUattoii counter (Phannaeia. Uppwla Sweden). 

I ^ ftim CSIBiyW fflioe were prepared « «^ Jff 
rSemented with S« fetal bovine .enan and 60 I'M 2^ 
-^awTsplecn eeUe (2XlO»/wen) were etimulated wiU> unao- 

i &) in 96-weJl cuttaW plates (Comins t"*-^ '^^ 
S*LTMnductBd by using the CeUtiter 96 Wt f:PromBg^ Corp^^. 

t-^-tort ««lio«. The GVH a»u.y wa« ta.ed «o the 

Ki^rtAd flnbcutaneoosly into tlw fooHJsds of B6D2Fj/J mtce. 
*,SS^ wt^^^th 8X10^ epleen celU in 60 Sev» 
dndnine popUt«.l lymph nodes were removed. 
SSl^:ndtS!d.Mi«.inj.«t«iinU.efc^ 
i^ised aa neRntive e«it«)l«. X^ph nodes ™^ 

•»]» was administered oraBy and CaA 
^miee daily aUrted one day before lootpad ajecUon uolea. 

Kh!^Sr^ptoi»a<ic.n. C3H/BeJ mice (H-2*) were anerthe- 

' - A srEbed (aW 0.8 cmxi on) on the mouse tafl was 
ired bTSSf oITskin carefo% to avoid Uejrfing. dan 
ffl^^I^ed ft«n BALB/eByJ mice (H.2') and then plaeed 

Tdi^ection. The firafted skin was protected by a Pta«*^Vt">«« 
niter 0.6 cm. length 3 em) held in place by wound dips fcrS 

P^Bkin grafts were examined and ecored daily. A 8«^J«« 
ling „a^d when n.on= than 80% of ihe graft w« n^ Cafc 

anbcutaneously to mice daily starting one day before skm 
aplaMateon until itgection of grafte. TepoxaUn was «iven ord^ 
^ before tr«isplantation and then daily storting one day after 

iSi&lantation until graft rejection. ^ 

^^pr^nlaticn onri ^tistic. Data were ^^JT^^ 
,scm^ parametric yenrton w«« uaed if data were 

iKSb^-a^ by the Wilk-Shapiro Data 

did nrmeat the assumption, of normality were tasted usiug 
itxic version of the Ihinnett'a test. 



RBSULTS 

hibition Of MLR proliferations 'VJ^^^f^^.T'* '^^^^d 
mnUi that tepoxalin suppresses T cdl P^^erabon and 
guts the activity of the transcription "fJ^J 
.m activation and proliferation are critical for the mitaa- 
antigen specific immune response. The traniwip- 
^■factot NFkB is also known to be involved in reguUtuig 
^'Itep^ssian of many target genes in an i^^^ '^^ 
'H7) The possible immunosiippresBive effect of tepoxalm 
^ therefore studied. To determine whether tepaxahni^ 
lable of inhibiting the immune response ag^^^t «iHoanl3- 
is : teooMlin at varions concentratiDns was tested in MIM 
Siiiferation assays. The assay was set up by stimulating 



C67Biy6J (H-Z'O mouse spleen cells" «itfa imdiated 
B6D2P,/J CH-2^) mouse spleen cells. As shown m Figure 1, 
tepoxalin inhibited ceU proliferation in a doae^ependent 
fashion with an IC50 of 15 Theinbaitory effect was not 
related to cell toadcity. Tepoxalin at concenfaa^ « ^ 7^ 
or less did not affect the viabUity of anti^S sUmulated 
mouse spleen cells after 24 hr of tieatment (Table 1). Since 
teposalin is a dual CO/LO inhibitor UO), ttie powible linkof 
its suppressioB of MLB proliferation to its inlnbition of CO 
and/or LO was studied, To address this qneshon.. the well- 
taown CO inhibitor naproxen U« LO inWtotor ^eu^ 
were tested in parallel aldoses lO-fbldhtghwthan ttiorlOBo 
for suppression of CO or LO in mice, "epectively. NeHhar «tf 
these wmpounds, nor the wrobinatioa of both of them, had 
an inhibitory effect on MLR prolifferation (Pig. 1). 

To further understand the mechanism of action of tepoxa- 
lin. the kinetics of tepoxalin in inhibiting MLR proliferation 
^ compared to that of the known immunosuppressant, 
CsA As shown in Table 2. the inhibitory effect wa* not 
Sdn^ed when tepoxalin was added 24-72 ^ "^J .^ 
initiatioD of MUt In contrast. CaA was efccbve only rfit was 

added at the begimung of the oocultures. To ^eter^ne 
whether tepoxalin and CsA were synergistic m mhibating 
MLR proliferation, the two agents were tested m conAtna- 

tion. Tepoxalin at 0.5 pM. 1 or 2 
ambination with varying concentrations of CsA (Fig.2). CaA 

alone inhibited the response in a ^osf:"^"**! 
an 1C„ of 22 nM. Tepoxalin alone inhibited prollferabOT by 
Si a?^0 8>, by BB%7liM. and by 87* at 2 yU. When 
tepoxalin and CaA wew present at .^^"^ 
tiS.. the inhibition was dearly addiUve.'nus additive effect 
STless significant at concentrations of the two drugs that 
were Btroncly inhibitory on thdr own. 

Tu^pS. ofGVH r^nse. by tcpoxoHn^ The »^un^ 
suppr^sive effect of tepoxalin as demonstrated m MLR as- 




Naproxen ^■ 
Zileufin 



0.1 0.2 



0.5 1 Z 6 
Concentration (|xU) 



10 20 



FlCUHE 1. Inhibition ofMLEprolireratioM by tepoxahii.8plew.eelU 
SBTOUe-I mice wen. cocultnred in triplicate walla with irraA- 
S spleen cells liom B6DZK./J mice as d«cribed m ^r±^ 
^ilZ. Varying concentratitmsoftepoxabn. naproxen, r leuton. or 

Hv^^ +^ton war, added to the cultures -'^i* '"J*"^^ 
»CL H-thymidine uptake was '^'^ .'^J^H^^ 
^tarw contained DMSO dttoted in a manner similar to that of *e 
^S^rUptake of »H.th,midi„e vehide ^^J^^^^ 
cpm. pSLuages of dontrol responses fre « P^" 

(citages of (cpm of treated cultures/cpm of veUde omtroh.). 
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Table 1. The effective dosee i)f tepoxalin in imaunosuppfression is 
not toxic to ccUit" 



TepoxaUn(/iM)^ 
100 

m 

26 

6.25 
3.12 
L&6 



Cell vinbflity^ 



52.0% 
76.4% 
96.6% 
103.0% 
116.5% 
118.4% 
136.5% 



**" vikwiity of anti-CDS stamulatcd CSTBUeJ spleea oells treated 
with tepoxalin for 24 hr was tested in the MTTvialnlity assay. 

* Cell viability ia preeentod aa tiia percentage of viable cells tn 
tepoxaEn treated saiDple compared with that treated with an equiv- 
alent anwnint of the vehicle, DMSO. 

Table 2. InhiWtoty eCTect of topoxalin and CaA on MUJ proUfem- 
tions (ft .control responaer 



CuscBtrtrattoo 



Time of TrcaUucnt 



Ohr »4hr 48 hf TAht 



Tt^xHtalin 
Cyclosporuic 



1.26 

2.5 

6.0 

0.021 

0.042 

0.084 



640) 
17.2 

4.7 
40.6 
18.6 

6.7 



62.C 
12.7 
6.2 
65.0 

64.1 



G7.0 
19,2 
7.8 
97.1 
93.2 
84.4 



30.6 
W.1 
9.0 
133.6 
148.0 
119 J2 



* Dififorcnt oonccntratians of compounds added in MLB c^^ 
different time poinU were stodied MLB assays were set up as 
described in UaXeriaU and Utthods, The MLR prolUeralioas treaty 
with ooropoundB were compared vrtth their vchide controls. "H- 
lijyjnidine ui^akc by proUferating celU in MLR assays was roea- 
pured. Perontages of control respraaes are calcolftted as percent, 
ages oficpm of treated cultures/epnrt of vehicle controls). 
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says suggests xta potential ujse as an iminunosuppressant iu 
clinical therapy. This passible appUcaUcm was verified with 
in vivo xnminc models of transplantation. A local GVH re- 
sponse was pcrfonncd by ii«ectmg spleen ceUe from the pa- 
rental C57BL/6J mice into the footpads of B6D2F1/J 
mice. GVH reeponBes were demonstrated by the oi- 
largement of the draining popHteal lymph nodes in recipient 
lyiice. The lymph nodes of recipient mice increased signifi- 
cantly by day 2 and continued to increase in size with time. 
The degree of the local GVH response was measured by 
weigiiing the draining popliteal lymph nodes. The lymph 
nodes of tepoxaHn-treated mice did enlarge or\ day 2 but did 
not diangc significantly later on. After 7 days of the local 
GVH response, lymph nodes from tepoxalin-treatcd mice 
were slightly hyperFdastic, but were significantly less so than 
that of the untreated controls (Fig. 3A). GVH responses in 
mice administered tepoxalin orally at 12-50 mg/kg/day were 
reduced by about 40% of that in the positive control group. 
ConsiBtent with the findings in mice, tepoxalin was also 
effective in rats, with a 30% suppression of this local GVH 
response at 12 mg/kg/day (data not shown). The hnmunosup- 
pressive agent CsA administered subcutaneously to mice at 
50 and 75 mg/kg/day was shown to suppress GVH response 
by 42% and 71%, respectively (Pig. SB). Tlie results suggest 
that the immunosuppressive effect of tepoxalin at 12 mgfkg/ 
day is comparable to that of CsA at 60 mg/kg/day. To assess 
whether the inhibitoiy effect of tepoxalin on GVH responses 




10 



20 50 100 200 
CsA Concentration (nil) 



600 1.000 



Figure 2. Additive inhibitory effects of tepoxalin and CuA in MI^. .,^ 
prolifeititionB. Prohferatian of C57BV6J mouse eplecn cells after &y^| 
days Rtimulalion with irrndinted B6D2Pj^ spleen cells in medium:; J 
containing tepoxalin at 0.5 ^M. 1 /iM. and 2 mM phis varying 
centrations of C3sA was Bsaayfid as described in Motenate o»d Meth- - 
ods. The proliferative response in ccdtores contahiing no drugs was 
80,000 cpm. ' 

could be obtained with other CO or LO inhibitors, naproxen.-; 
Slid aileuLon wwe again tested in GVH assay?. No inhibitio^.i^^ 
was seen with rileuton, naproxen, or a combination of the twi^r 
compounds (Pig. 3CX . M 

Since tepoxalin appears to act late in MLR ajfsays, the 
effect of tepoxalin admimfitered early and late in GVH rs^; " 
aponscs wos also studied. Similar to the finduags in MLE_,_^ 
proliferations, tepoxalin given to mice for a minimum of S'^^^ 
days was sufficient to snappres* GVH responses to an extent - 
similar tn those treated, with tepoxalin throu^out the 7-day: 
course of the GVH response (Fig. 4). This short tareatment ; 
with tepoxalm could be at the early {day -1 to day 1 or 4) dt^ 
the late (day 4 to day 6) stage of the GVH response. Tbt^ 
inhibitory effect of tepoxalin at the late stage- of immuM. 
responses suggests its mechanisro of action to be different ^ 
from that of CsA. Thc.possiblc synergism in immunosuppres^^; 
sion by tepoxalin and CsA was therefore studied in GVH 
assays. A much stronger suppression of the GVH refipon^ 
was indeed found in mice treated with both tepoxalin andj 
CsA rather than those treated with either one of the t«ro; 
drugs (Fig. 5). This synergistic effect was particularly signif-: ;: 
icant when a low dose of tepoxalin (6 mg/kg/day) was cnzn-.,; 
bined with CsA, 

Prolongation of skin aUogrdft survival by tepoxalm. m 
time course of skin allograft rejjection in- mice is affected bj^.;^ 
the efficiency of the following two raechaniBms: (l).the acti--^ 
vation of T cells through recognition of specific alloantigens^y 
and (2) the effector mechanisms mediating tissue distruction^.;^. 
To study the effect of tepoxalin on skin allograft survival, g 
experimental allograR rejection was perfoimed by graftinj;- 
allogeneic BALB/cByJ (H*2*) mouse tail-skin onto C3H/Hc^^ 
recipient mice. For the first 6 days after transplanta-^ 
tion, allografts appeared normal and their gross appcarsn^;- 
was not different fi^m that of syngeneic grafts. The rejection- 
process became apparent by day 6, with signs of swelling af>% 
erythema, and quickly culminated into complete graft necr^ 
sis. Different doses of tepaxahn were tested in sldn gra^: 
r^ection assays. As sho%vn in Figure 6, rejection of aDograftS;; 



From (613) 998-3248 Ord 



57, 19S6 



H9837DP031713^J ^ Fri Jul 11 17 
FUNG-LEUNG FT AU 



Page 5 of 8 



365 





Conbol 



VebUi 



d«-ltoi dar-1b4 dar^toe 

FKSiiHS 4. BIfectivc suppwsstoa of moose GVH rB.«Hmse ^ d>Mt 
treatments with tepoxalin. TJie GVH response i^^crf by wjtc^ 
ticn of C57BU6J upleen mUe into the footpads oTBeDZb ,AJ and 
was measured by weighiiie the drmning lymph nodes ^ d«Hibed ta 
itfatKrioi, and MriiUxJ*. Mi« li^ected with sal™ inataad of spleoi 
eelb were used as negative ccmtrols. Tepoimlm (25 nigfcg) wasi^ 
minutered oially lo mice at different tixne scbedulw as Aflwn. GVH 

in aricc t«at«d with vehide (OJi% "'•*hyi«»>hjLtoM) 
wd as poaUve conteols. Five mice were wed per gro^ TitB column 
bars irepiBScnt the standard errors. 



; 3. Buppresaioo of QVH responses WteP«»»ft«» \lDcalOVH 
snonse was triggered by subeotanBons injection of parental 
spleen cells Into fcotpads of B6D2F,/J nua. andwas 
I by waghing the draining lymph nodes as describi^ in 
™^ and Mtthodt. Mice injected with saline were U8«» « 
gaUvc eoBtroU. Drogs were given to mice from day - 1 to d«; 6 of 
6 CVH response. (A) GVH responses to mice adroimstered d.Her- 
doLirf tepoxalin or vehid* ebntrol (OJi* n»thylceUutos^ 
ly. Tto mice were used per greup. The veJ«es from ™ce 
rtepoxaUn at 12, 25. and 50 mgftg/day are sigmncantfy different 
^ih^hidecont^dgnKipUJunnot^ test). Similar 
^Itained from more than three repeated eatpenrnents. (B) GVH r*: 
"-^^io mice given-CsA (60 ».d 75 mg*gl or vehidc 

a) enbeirtaneously. Five mice were used per f 5^!! 

»in mice j^ven naprexen. lUeuton. or liie eomhwataon of the 
at 60 mgWday orally. Mice as ^^^^^^^^^.^ 
sproxen were treated with eqoh«lenl volumes of O.B% mcthyleel- 
iiWfcr tneuton. they were treated with 60% ^^^'^^^ 
: and for the comKnaUon of drugs, they w«« treated wjft both 
; metbytefllulose and 60% polyethylene glycol 200. Five mice 
e used per group. The edwnn bars represent the standard errors, 
^ierisks indicate a P value of <0.05. 

i the placebft-treated gmip started cm day 7. .W,out 50% of 
aHografte in the placebo group were rejected on day JO. 

I at doses of 12.5 and 2S n>g/kg/day did not have a 
nuxcaat effect in prolonging graft rtgection. When t^oxa- 
«t 60 mg*g/day was adminirtered to mice, a significant 
.longation of aJdn graft rejection was observed. The me- 
m snnrival time of sldn grafts, defined as the tame pomt at 
ich 60« of the -grafts are rcsjected, was lO.S days in the 




FwuBE 6. Synergistic »uppn«rton of mouse GVHre^onae^^ 
oxalin and CsA. The GVH response was mduwd by injectton of 
C57BU6J spleen cells into the feotpad. of B6D2F,/J nnce and «as 
me«n.red by weij^iing the draining ly»ph nod«. " ^ 
Idaterials cvd Methods. Mice were t«ated wrih CsA (60 m^f/" 
tepoxalin (6 or U mgrtcg) alone, or the ««°»»^!'° "^^PT^IL !^ 
12mBfltg) and CsA (60 ng*g). Mice h^ectad with sple«. ce^ and 
treatei with vehicles were used aa positive controls. ^^^^ 
with saline instead of apleen cells were used as negalave controls. 
•IWy mice were used per emup. The column bar. rej«sent fee 
itSd emm,. Asterisk, indicate a P valne of <0.05. Smular re- 
BultH were obtoined inm repeated expenmenta. 

placebo-t^ated group and was 15.0 days f 
iuce treated with tepoxalin at 50 mgftg^day (P<0 05). Pur- 
thennore, a combination of tepoxalin and CaA at low doses 
showed a dramatic prolongaUon of allogeneic skm graft re- 
jection {Fig. 7). About 52% of the mice treated dady with 
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vehide 

Tef)0xalin(t2^mg/kg) 

Tepoxafin (25 m^/kg) 
— • Tepoxain (50 mBflcg) 




4 e 12 
Days after ^raiting 



16 



Vxami& 6 Prolongation of skin graft r^cctions by. tepoxalin. BAl^ 
S^S^uT^^ -as grafted onto tha t«1 of^H^eJ ^ and 
™Luan of the grafted «^ 

Different doses of tcpoxaUn W administered orally to 

C3MeJ redpiant mice tha day Wen* and after ^^^^.t^^Pl*"^" 
Uon. and tium daUy until ikSn iprafts were roectod. Mice pvairttie 
veWde (0^% methyicenokwie) orally were used ae conttoU^ut 
ce wa« used par gnmp. Batapra. -tad^t^ - 
of the thrae it^peated axperinumta. ^ 
ipcrinients ^ similar. Prolongation «^,Jl^*»t 
^^with tepoxalin 60 mgA^g was significant (fXD.05. DunnaUa 

iteatX 



Vehtele 

CsAI&OmeAtO) 
Tepoxa&ndZ^mo/kg) 
Tepoxa&n (12^ m9nQ) 
^CsAtSOmgAcg} 




16 70 36 
Days after gtafttr^ 

F1CUBE r Enhanced prolongation of allogeneic bWo graft rejection 
' by tepoxaUn and CbA. BALB/cByJ mouae tail skin was grafted rato 
the taTof CSHmeJ mice as described in UaXenoU mid Methods. 
TepoxaHn (12^ mg/kg) alone. CaA (60 ^ or te^xalm 

(125 mg/kg) plus CaA (60 ms/kg) were adnamatered to C3HmoJ 
^ ^Zy bcfo« and after ekin transplanUtiou, ^^^/^^f 
untn skin grafts rtgacted Tepoxalin was given 0^^? ^^^sA 
was given subcutaneonsly. For recipient nnce with skin grafts.sin^- 
■ vivix^formore than 40 days, drug BdtninistraUon was disconto^ 

fromday 40, as shown by am^ About tan ^^^^'^J^/f 
gnmp. Enhanced prolongation of skin "0«f ^^.^^/'T^^ 
Siecambination of tepoxalin (25 mgAig) and CsA (50 tng^Xdata not 

sbownl 



tepoxalin (12.6 mg/kg/day) and CaA (60 mgA^day) retamed 
thVallogeneic akin grafts on day 40 after transplantation. To 
determine whether immimotolerance to skm grafts is gener- 
ated by the combined drag treatment, drug dosmg was dis- 
oontimied after day 40 of transplaiitation. Skin graft r^ec- 
tjon was noticeable on day 16 and all the gmfte werer^ected 



on day 24 aft»r drug cessation (Pig. 7). The lesulte suggest , 
that the combination of tepoxalin and CaA potentiates the ■ 
imxnunosuppresaivc effect, but does not induce Immunotol- 
erance to the grafts. 

DISCUSSION 

In this report, we demonstrate that tepoxalin is effective in 
fluppressing the immune reaponsee in murine modelfl of (WH - 
Teactionandallogeneicskingraft;rejedion.Thisiramiinosi^ . 
pressive activity is not seen with other inhibitors of CX) or 

LO. . V * 

To study the mechanism of immtmoBiippresaon by tepoxa- 
lin, we uaed the in oifro mixed lymphocyte reaction, which 
measures tiie prolifSerative response of parental strain 
CSTBL^ spleen cells when stimulated by B6D2Fx/J spleen ^ 
cells. Tepoxalin inhibited the alloantigen-driven proliferative 
response in a dose-related manner with an ICso of 1.3 
and a complete inhibition at 6 mM. A fflnular inhibition was. 
aeeh with CsA. which had an IC«, of approximately 22 nM 
and a complete inhibition at about 200 nWL However, there 
were difiorenoea in the kinetics cf the inhihitions seen with- ^ 
the two compounds. Tepoxalin exerted tiie same degree of.^>: 
inhibition if added any time up to 72 hr after tiie set-up of 
MLR cultum. CaA.was only inhibitoiy if added at tiie initi^ 
ation of the MLR cultures. IL*2 production by T cells occot 
early following activation, reaching peak letelsl^y 24 ^rf 
culture (J«t 19). CsA has been known for its inhibitory effect 
on ILr2 prnduction (7. 20, 21) and is therefore expected to 
affect TceUs during the first 24 hr of activation. The fact tiiaf . 
tepoxalin inhibits proliferation late In MLR assays su^esta 
its inhibition of later evente in T ceU activation. One posei- 
bility is that the IL-2-mediated signal transduction pathway 
is affected by tepoxalin, which has been shown on human 
lymphocytes in' our previous report (13). 

GVH disease is a common problem in bone marrow tranfi- 
plantation tiiat leads to frequent morbidity and morteUfy 
(22). Skin grafts trigger strong immune responses and hmje. - 
been one of the most difBcult grafts in transplantatwn (3),^. 
The immunosuppressive activity of tepaxalm was demon-.:, 
strated in murine models of GVH responses and aUogen^- '_, 
skin graft r^ection?. TepoxaUn was found to inhibit GVH ;: 
responses at 12 mgflsg/dsy and to prolong skin graft rejec-,.; 
tions at 60 mgAtg/day. The possibility that tepoxalin blodcsa^ ^ 
later event in immune response is again unphcated by^-:^- 
suppreasion of GVH reaction even when it was administered - 
to mice 4 days after the initiation of tiic response. 

Tepoxalin is known to be a dual CO and LO inhibitor wito 
potent antiinflammatory effects {101 One of the obvious 
QuestionB to ask is whetixer its immunosuppression is due ^ 
tiie inhibition of the CO or LO enssymes. The involvement at 
CO and LO in the modulation of immune responses TBmaiBS -,j 
contrx)vorsial Arachidomc acid metabolites produced by-;^ 
these cnrymes, such as prostaglandins and leukotiriene^;;^ 
have many biological activities, induding the modi^ation or-^^| 
inflammation and immune response (25-29). Indeed 8evem.n|| 



•.J 



inhibitors of LO have been shown, to prolong graft rejectiwi 
transplantation (30-^3). However, it was noticed that thpse||^ 
LO inhibitors with immunosuppression activity are also 
tent antioxidants with itihibitory effects on NFkB acti«^|^^ 
{34, 35). Therefore the immunoregulatory effects of tbes^;;^ 
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Lpounds may not be directiy related to ^^'^^''^1^^ 
% Spared the effect of tcpoxalin with other known LO/CO 
SrTin our studies. Napiuxen (CO inhibitor) or »leuton 
B inhibitor), or their combination^ did not have any effect 
IW proliferations or GVH reeponsos. We have wpf^^ 
ndy that tepojcalin is distinct from other CO and LO 
flbitore in its inhibition of NFkB activities {14). NFkB ifl a 
ioteopic tranaactivator of many target genos involved in 
jgwtixne or infUmmafcoTy rcsponsea {16. m The immuno- 
^esdve effect of tepoxalin may be attributed to its mh> 
of NFkB and not related to the general inhibition of 
^^idonic add metabolifim. 

shaken togettier, these data show that tepoxaHn is an effec- 
feimmnnoBuppressive agent. Since the mechanism of tcp- 
n appears to be different from CsA in immunosappres- 
n. it suggests a posaible combinational u«c of the two 
^pounds in immunosuppressive therapy. Moreover, tep- 
ito is devoid of uiceixjgenic actions m ^^^^^^ 
[TIB that are the common side effects of other NSAID 
B 01 12). The LD50 of tepoxaJin.in mice and rats was 
. tJtiim 400 mg/kg, which is over lO-fold higher than the 
ive doses used in in uivo immunosuppression. Tepoxalin 
ssyum therefore be an important addition to iiho existing mi- 
iinosuppresaive tiierapeutic dmgs to enhance the efficacy 
^ rcatment and to reduce dmg toxicity in transplantation 
L autoimmunity. 
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COMBINED THERAPY WITH INTEiaJEUKIN-4 AND INTEKLEUKIN- 

10 INHIBrrS AUTOIMMUNE DIABETES KECUTRRENCE IN 
SYNGENEIC ISLET^TRANSPLANTED NONOBESE DIABETIC MICE / 

Analysis OF Cytokine mKNA Express^ 

ALEX RABmOVlTCH^^-^'^ WiLMA L. SUAREZrPlNZON,^ O^E SORENSEN,* R. CHRIS BlKACKLBY,^ 
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Syngeneic pancreatUs isict grafts in nonobeee dia- 
betic (NOD) mice elicit a ccU-medliated autoinjmune 
response that dcBtroya the inKulin-prodacing P 
the islet graft. IL-4 and IL-10 are cytokmes that Inhibit 
ceU-mediated iromtmity. In this study, wc evaluated 
tiie efTecfcfi of IIr4 and IL-10 on the survival of synge- 
neic pancreatic islets transplanted into diabetic NOD 
mice- Islet grafts survived beyond 18 days and normo- 
glyccmia was maintained in 67% (10 of 15) of mice 
treated with ILp4 plus HrlO, but in none (0 of 20) of 
vehide-iigected (control) mice. Also, 40% (€ of 15) of 
the mice treated with IL-4 plus IL-10 were normogly- 
cemic at 30 days after transplantation, compared with 
14% (1 of 7) of the mice treated with IL4 alone, S% (1 of 
13) of the mice treated with IL-10 alone, and none (0 of 
2/6) of the control iouce. Histological examination of 
grafts at 10 days after transplantation revealed peri- 
islet accumulations of mononuclear leukocytes and 
intact islet p cells in grafts from IL-4 plus IL-IO- 

' ThiB work was supported by a EKahetes InterdisdpUnary Re- 
search Program grant from the Juvenile Diabetes Foundation Inter- 
national, and by grante from the Medical Research Councfl of Can- 
ada and the MacLadtxlan Fund of the University of Alberta 
Hospitals. 

» Alex Rabiaovitch and R. Chris Bleackley are Bupported by Med- 
ical Scientist Awards of the Alberta Heritage Foundation fox MadicaJ 
Research. 

• Addrese correapondence to: Alex Rabinovitch, MJ)., Department 
of Medicine. 450 Heritage Medical Research Centre. UniverBity of 
Alberta. F^inonton. Alberta, Canada, T6G 2S2. 

< DejJartment Off Medicine. 
^ Department of Inuminology. 

* Department of Biochemiatiy. 

' Department of Laboratory Medidmi and Pathology. 
" Department of Suiigery. 



treated mice, whereas islets were infUtrated by leuko- 
cytes and the P cell masa was greatly reduced in Sraf^ ^ 
from control mice. Polymerase chain reaction (PGR); 
analysis of cytokine luKNA expression in the grafts: 
revealed higher levels of XL-S, IFNy, and IL-10 mRNA;; 
in grafts of diabetic con^ared with normoglycemic, 
control mice, whwas IFNy and TNFa mBNA levds > 
were significantly decreased in grafts of IL-4 plus IL- . 
10-treated mice compared with either normo^yccmxc.; 
or diabetic control mice. Ohese results suggest tt^t J; 
helper CTWl cells and their cytokine products (IL-2, 
IFNri and TNFa) may promote islet p cefl destructive 
insulitis and autoimmune diabetes recurrence in syni^ 
geneic islet-transplanted NOD mice, and that admin- 
istration of ILr4 plus DU-IO may hihibit diabetes recuiv 
rence by suppressing Tbl cytoldne production in the: 
islet grafts. 

InsvOin-dependent diabetes mellitua QDDM)* results from 
destruction of the inaulin-produdng pancreatic ialet p cells:^ 
by the host's own immune system. Whereas it is not known ^ 
what may initiate this autoimmune response against islet P \, 
ceUfi, there is abundant evidence that IDDM is T ceU-depeo-^ 
dent (i, 2), However, it is unclear which T cells are invohrc^:;; 
and how tiiey may lead to ialet p cell destruction. A variety^:^;^ 
immune/inflammatory cells infiltrate the pancreatic islcts.^^ 
and constitute the insulitis lesion {3, 4), Ttisre is evidence 
human patients with IDDM {&-8) and in animals with spou-;. v; 
taneous lODM resembling the human disease— the nonobesc^:||| 
diabetic (NOD) mouse and the biobreeding <BB) rat (S-^HV- 
that islet P cell destruction may involve heterogeneouB wee--:^ 
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♦ Abbreviations: BB. Biobreeding; C3PA, complete Freuntfa 
vant; IDDM. insulin-dependent diabetes mellitas; NOD, npnobcse^^ 
diabetic; PGR, polymerase chain reaction; Th, T helper, 
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Tautomycetin (TMC) was identified as an immunosuppressor of 
activated T cells. Inhibition of T cell proliferation with TMC was 
observed at concentrations 100-fold lower than those needed to 
achieve maximal inhibition with cyclosporin A (CsA). TMC specif- 
ically blocked tyrosine phosphorylation of intracellular signal me- 
diators downstream of Src tyrosine kinases in a T cell-specific 
manner, leading to apoptosis due to cleavage of Bcl-2, caspase-9, 
caspase-3. and poly(ADP-ribose) polymerase, but not caspase-1. In 
TMC-treated rats that received a heterotopic cardiac allograft, the 
graft survived more than 160 days, comparable to graft survival in 
allografted rats treated with CsA. Thus, TMC. whose mechanism of 
action is different from that of CsA or FK506. can be used as a 
potent T cell-specific immunosuppressor. 

Organ transplantation to replace diseased organs has become 
the standard treatment in terminal organ failure, such as in 
renal, hepatic, or cardiac diseases (1). In most cases, induction of T 
cell-mediated immune responses to the highly polymorphic MHC 
molecules on nucleated cells in the grafted organ is the major 
barrier to successful transplantation (2). Improvement in graft 
survival is accomplished by precise HLA typing capability, greater 
surgical experience and skill, and the potential of cloned animals as 
organ donors. But genetic differences at loci other than MHC still 
trigger rejection. Therefore, continuous efforts to discover effective 
and specific immunosuppressive agents have been intense. 

The systematic study of products from bacteria and fiingi has led 
to the development of immunosuppressive drugs such as cyclo- 
sporin A (CsA), FK506 (tacrolimus), and rapamycin (3). CsA and 
FK506 block T cell activation by preventing the induction of IL^2 
gene expression, whereas rapamycin blocks the signaling pathway 
triggered by lL-2 receptor (4). They exert their pharmacological 
effects by binding to the immunophilins, and the immunophilin and 
drug complex binds and inhibits the Ser/Thr phosphatase cal- 
cineurin, which is activated when intracellular calcium ion level rises 
on T cell activation (5, 6). Rapamycin has a different mode of action 
from either CsA or FK506. Like FK506, rapamycin binds to the 
FK506-binding protein family of immunophilins. However, the 
complex of rapamycin/immunophilin has no effect on calcineurin 
activity but instead blocks the signaling pathway triggered by the 
lL-2 receptor. These drugs are effective immunosuppressive agents, 
but they are not free of problems. Because calcineurins are found 
in many cells, these drugs are expected to be deleterious in many 
other tissues, such as kidney and liver (7). Therefore, it is important 
to develop new immunosuppressors with minimal toxicity that 
target molecules specifically involved in immune responses. It 
would also be helpful to have more than two different immuno- 
suppressive drugs with different pharmacological effects. 

In this study, we identified tautomycetin (TMC) as an activated 
T cell-specific immunosuppressor. Being different from CsA and 
FK506 in its mechanism of action, TMC inhibited the induction of 
tyrosine phosphorylation of T cell-specific signaling mediators in T 
cell receptor (TcR) proximal signal transduction pathway, leading 
to induction of apoptosis. In in vivo studies, TMC was at least as 
effective as CsA in the heterotopic cardiac transplant animal model, 

www.pnas.org/cgi/doi/10.1073/pnas.162522099 



Materials and Methods 

Ceil Culture and Reagents. Human peripheral blood lymphocytes 
from healthy volunteers were isolated by standard Ficoll-Hypaque 
gradient centrifugation. The cell lines HeLa, Jurkat, and CD8-^ 
Jurkat transfectant were cultured in standard medium containing 
FBS. Jurkat transfectants were regularly treated with medium 
containing 2.2 mg/ml of Geneticin (GIBCO/BRL). 0KT3 and -8 
mAb were purified from supernatants secreted from OKT3 and 
-8 hybridomas (American Type Culture Collection) by Gamma 
Bind plus Sepharose from Pharmacia Biotech. The following 
antibodies were used: anti-p-Tyr (4G10; Upstate Biotechnology, 
Lake Placid, NY), anti-p-Tyr agarose conjugated beads (Upstate 
Biotechnology), anti-ICE (Upstate Biotechnology), anti-Fyn (Up- 
state Biotechnology), anti-phospho-ERK-l/-2 (New England Bio- 
labs), anti-Cpp32 (Transduction Laboratories, Lexington, KY), 
anti-Caspase-9 (PharMingen), anti-CD3f (ID4; PharMingen), 
anti-CD28 (PharMingen), and anti-CD69 (FN50; PharMingen). 
Antibodies of anti-Bcl-2 (100), anti-Cbl (C-15), anti-LAT (Q-20), 
anti-poly(ADP-ribose) polymerase (PARP) (H-250), anti-PLCy-l 
(530), anti-SLP-76 (K-20), anti-Vav (C-14), and anti-ZAP70 (LR) 
were purchased from Santa Cruz Biotechnology. Phorbol 12- 
myristate 13-acetate and Concanavalin A (ConA) were obtained 
from Sigma. CsA was generously provided by Chong Kun Dang 
(Seoul, Korea), and tautomycin was purchased from WAKO 
Biochemicals (Osaka). 

Separation and Purification of TMC. Streptomyces spi CK-4412, iso- 
lated from forest soil on Cheju Island, Korea, was cultured at 28'*C 
for 65 h in Erienmeyer flasks containing a medium composed of 
soluble starch, 3%; soybean flour, 1.5%; com steep liquor, 1.5%; 
polypeptone, 0.2%; Na2S203, 0.1%; CaCOs, 0.5%; and allophosite, 
1%. After centrifugation, the supernatant (6.9 liters) was extracted 
with EtOAc, and the extracts were evaporated in vacuo. The 
extracts were then applied to LH-20 and silica gel column devel- 
oped with the solvent, CHCl37z-hexane:acetone:AcOH (10:5:3:0.1). 
Active fraction called CKD-722 was collected and concentrated 
in vacuo to give a yellowish oily material, and further purifica- 
tion and identification were performed with HPLC by using an 
octadesyl silane (ODS) column, NMR, and electrospray ioniza- 
tion-MS analysis. 

Murine Mixed Lymphocyte Reaction (MLR) Assays and IL-2 ELI 5 A. For 

murine MLR assays, the immunosuppressive activity of active 
fractions and TMC was assessed with mixed lymphocyte reactions, 
as previously described (8). For IL-2 ELISA, 1 X 10^ human 
primary T cells were activated by using 1 /xg/ml of OKT3 and 0.5 
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fig/m\ of anti-CD28 mAb for a given time in microwell plates. 
Supernatants were harvested, and IL-2 ELISA was performed 
according to the manufacturer's protocol. Briefly, 100 of diluted 
capture Ab was coated in 96-microwell plates for 12 h at 4°C and 
blocked for 1 h at room temperature. Reaction was performed by 
using detection Ab and horseradish peroxidase-conjugated avidin. 
Wells were washed seven times, and tetramethyl-benzidine (TMB) 
substrate was added to each well. Fifty microliters of stop solution 
was added, and absorbance was measured at 450 nm within 30 min. 
For correction, the following equation was used: 

Corrected value of absorbance = absorbance at 570 nm - 
absorbance at 450 nm. 

Immunoprecipitation and Immunoblot Analysis. After incubation of 
3 X 10"^ CDS-C transfectants, primary human T or B cells at 37°C 
for 5 min with crosslinked OKT8 mAb (1 /xg/1 X 10^ cells), OKT3 
mAb (1 X 10^ cells) and anti-CD28 mAb (0.5 jitg/l X 10^ cells) 
or anti-BcR mAb (1 fjig/l X 10^ cells), respectively, cells were 
solubilized in lysis buffer (10 mM Tris/50 mM NaCI/5 mM 
EDTA/50 mM NaF/30 mM sodium pyrophosphate/100 p,M 
Na3VO4/200 /llM PMSF/10 Ax-g/ml of leupeptin/5 /xg/ml of apro- 
tinin, 1% Nonidet P-40), Tyrosine-phosphorylated proteins were 
immunoprecipitated with 4G10 mAb coupled to agarose beads 
(Upstate Biotechnology), and immunoprecipitates or total cell 
lysates were fractionated by SDS/PAGE and transferred to 
Immunobilon-P (Millipore). Membrane was blocked in TTBS 
buffer [100 mM Tris-HCI (pH 7i)/150 mM NaCI/0.1% Tween-20] 
with 4% BSA, then immunoblotted with the indicated antibodies. 
The membrane was washed and incubated with horseradish 
peroxidase-conjugated secondary antibodies, and developed with 
enhanced chemiluminescence (Amersham Pharmacia). 

Heterotopic Cardiac Allograft. The microsurgical technique of heart 
transplantation in rat was done by double anastomosis. With ether 
anesthesia, the abdomen of the Lewis rat was opened and bled by 
cutting the abdominal aorta and its chest opened. After perfusion 
of heart through the ascending aorta with cold saline solution, the 
heart was removed from the mediastinum after the division of the 
trachea and placed in a beaker containing cold saline. The abdomen 
of the recipient Wistar rat was opened by midline incision. The 
Lewis heart was placed within the abdominal cavity, and end-to- 
side anastomosis was done by sewing the pulmonary artery and 
aorta to the inferior vena cava and abdominal aorta of the Wistar, 
respectively. Soon after perfusion, regular beating of the heart 
followed the ventricular fibrillation. The intestine was returned to 
the abdomen, and the abdominal wall was closed. 

Apoptosis Assays. Cell death was confirmed by detecting DNA 
fragmentation. Briefly, 5 X 10^ cells were lysed in X2 lysis buffer 
(200 mM Hepes, pH 7.5/2% Triton X-100/400 mM NaCl/20 mM 
EDTA) and incubated with RNase at 3r'C for 1 h. DNA was 
extracted with phenol and precipitated with 5 M ammonium 
acetate and 2.5 volume of 100% ethanol and then analyzed by 
electrophoresis on 2% agarose gel. Also, for cell viability analysis, 
1 X ICP cells were determined by staining with propidium iodide 
(PI) and analyzed on a FACScan (Becton Dickinson). 

Transient Transfection. Jurkat TAg cell lines were transiently trans- 
fected with 5 of plasmid DNA by using Superfect transfection 
reagent (Qiagen, Hilden, Germany). Cells (3 X 10^) were washed 
once with PBS and plated to a 60-nmi dish. Plasmid DNA was 
incubated for 10 min at room temperature in serum-free medium 
containing Superfect. After the DNA-Superfect complexes were 
added dropwise to the cells in a 60-mm dish, the cells were 
incubated in fresh medium for 36 h. 

Results 

Identification of TMC as an Immunosuppressor. We isolated a large 
number of actinomycete strains from forest soil on the volcanic 
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Fig. 1. Structure of TMC. 



Cheju Island in Korea. Appropriate dilutions of culture broth after 
centrifugation were included in mouse MLR to examine their 
inhibitory effects on T cell proliferation. The culture broth of 
Streptomyces sp. CK-4412 showing the strongest inhibition of T cell 
proliferation in MLR was prepared on a large scale and then 
applied to an LH-20 and silica gel chromatography column. The 
active fraction, called CKD-722, was collected and further purified 
by HPLC by using an ODS column. CKD-722 prepared in MeOH 
showed characteristic UV absorption at 268 nm, and the main 
absorption band in IR spectrum appeared at 1,825, 1,760, 1,730, and 
1,700 cm~^. From the analysis of electrospray ionization mass 
spectrometry (m/z 661, M + CH3OH + Na) and and ^^CNMR, 
CKD-722 was identified as TMC (Fig. 1). TMC was originally found 
as a new antifungal antibiotic produced by Streptomyces griseochro- 
mogenes (8). 

Inhibition of T Cell Proliferation and Activation by TMC. The inhibi- 
tory effect of TMC on T cell proliferation was confirmed in the 
MLR between splenocytes of BALB/c and mitomycin C- treated 
splenocytes of C57BL/6 in the presence of serial dilutions of TMC 
or CsA, the most frequently used immunosuppressor. The level of 
inhibition of MLR by TMC was 100-fold higher than that by CsA, 
and the IC50 of TMC and CsA were 7.8 and 417 nM, respectively 
(Fig. 24). Similar levels of proliferation inhibition were observed in 
mouse splenocytes stimulated with the mitogen Con A (Fig. IB), 
Also, similar kinetics of inhibition by TMC or CsA was observed in 
rat splenocytes. Induction of IL-2 gene expression, CD69, and 
IL-2Ra chain surface expression has been well documented as 
valuable markers for TcR-distal activation events (9). The potency 
of TMC in the IL-2 secretion assay in human primary T cells is 
similar to that of CsA in contrast to its more potent inhibitory 
activity than that of CsA in murine MLR and murine spleen cell 
proliferation in response to Con A. This result demonstrated that 
TMC possesses immunosuppressive activity to inhibit the prolifer- 
ation of T cells by inhibition of IL-2 seaetion (Fig. 2C), In contrast 
to cells pretreated with CsA, the surface expression of CD69 or 
I1^2Ra chain was not induced in Jurkat T cells pretreated with 
TMC after TcR stimulation (data not shown). These results indi- 
cated that TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proliferation, and its 
mechanism of action might be different from that of CsA 

TMC Inhibits T Cell-Specific Tyrosine Phosphorylation Induction in 
TcR-ProxImal Signaling. The membrane-proximal signaling events 
initiated by the TcR complex are activation and recruitment of 
protein tyrosine kinases and subsequent phosphorylation of cellular 
proteins (10, 11). To identify the signaling event targeted by TMC 
in the TcR-mediated signaling pathway, inhibition of tyrosine 
phosphorylation of various intracellular substrates by TMC was 
examined in primary human T cells. TMC blocked the phosphor- 
ylation of tyrosine residues on several specific cellular proteins in T 
cells stimulated by immobilized 0KT3 mAb (Fig, 2A). The inhibi- 
tion of tyrosine phosphorylation by TMC is dose- and time- 
dependent (data not shown), and induction of tyrosine phosphor- 
ylation was not influenced by CsA as expected. This result raises the 
possibility that TMC may block tyrosine phosphorylation of intra- 
cellular signal mediators like genistein or herbimycin (12). To rule 
out this possibiUty, induction of tyrosine phosphorylation of intra- 
cellular proteins was examined in the human primary B cells after 
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Fig. 2, Inhibition of proliferation and activation of T celts by TMC (A) MLR was 
set up by culturing splenocytes of BALB/c mouse with mitomycin C-treated 
allogenic spleen cells of mouse C57BL/6 in the presence of TMC (•), CsA (O), or 
aemophor-ELonly (□). (S) Spleen cells from BALB/c were stimulated with Con A 
(Sigma) for 48 h in the presence of TMC(«) (CsA(0)orcremophor-ELonly (□). and 
then pH] thymidine incorporation was measured, (0 Human primary T cells 
(1.0 X 10^) were pretreated with TMC (1 fijg/m\. •), CsA (1 /ig/ml, O), or cremo- 
phor-ELonly (□), and then stimulated with OKT3 mAb (10 ^^/ml) and anti-CD28 
mAb (0.5 fig/ml) at Sl'C for 24 h. 



B cell receptor (BcR) stimulation by anti-BcR mAb (13). As shown 
in Fig. 3B, TMC, CsA, or solubilizing reagent cremophore-EL did 
not affect the BcR-induced tyrosine phosphorylation of intracel- 
lular signaling molecules. As expected, genistein inhibited the 
induction of tyrosine phosphorylation in both T and B cells on 
receptor stimulation (data not shown). Specificity of TMC on 
activated T cells was further confirmed in Fig. 4B, where activated 
or resting human primary T and B cells were used. Therefore, TMC 
specifically inhibits the tyrosine phosphorylation of T cell-specific 
intracellular signal mediators involved in the T cell activation- 
signaling pathway. 

To identify the target molecule affected by TMC, we examined 
tyrosine phosphorylation induction of several key molecules par- 
ticipating in TcR-proximal or -distal signaling events in the presence 
of TMC by using the CD8-^ Jurkat transfectant. In this transfectant, 
induction of tyrosine phosphorylation of intracellular proteins was 
observed on stimulation of CD8-f chimera by OKT8 mAb, whose 
pattern was qualitatively and quantitatively similar to that induced 
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Fig. 3. T cell-specific inhibition of tyrosine phosphorylation on intercellular 
signal mediators by TMC. (A) Human primary T cells were pretreated with TMC (1 
ftg/ml) or CsA (1 iig/m\) for 5 h. Then cells were stimulated with immobilized 
0KT3 mAb (10 jxg/mO and rabbit anti-mouse IgG (10 /ig/ml) for the indicated 
times. (B) Human primary B celts were pretreated with TMC (1 ^tg/ml), CsA (1 
/ig/ml), or solubilizing reagent (cremophore) for 5 h and then stimulated with 
goat anti-human IgM F (ab')2 for the indicated times. The lysates of cells were 
subjected to 10% SD5/PAG E under reducing conditions and then immunoblotted 
with anti-phosphotyrosine Ab 4G10. (O CD8-^ Jurkat transfectants or primary 
human B cells were pretreated for 5 h with or without TMC (1 /Ltg/ml) and then 
stimulated with 0KT8 mAb (10 /ig/mt) and rabbit anti-mouse IgG (10 ng/m\) or 
goat anti-human IgM F (ab')2 (10 jug/ml) for 5 min, respectively. Immunoprecipi- 
tates or total lysates were resolved by SDS/PAGE and immunoblotted with the 
indicated antibodies. Treatment of cells with these drugs for 5 h did not induce 
cell death. An equal amount of protein was loaded in each well, which was 
confirmed by Ponceau S staining and immunoblotting with the anti-2AP-70 mAb. 



by TcR crosslinking (14, 15). In the presence of TMC, the intra- 
cellular domain of f chain, ZAP-70 tyrosine kinase, immune- 
specific adapters such as LAT and SLP76, ubiquitous adapter c-(3bl, 
PLC-7, Vav, and MAP kinase ERK were not tyrosine phosphor- 
ylated, which have been characterized to be downstream of Lck and 
Fyn in TcR signaling cascade (Fig. 3C) (16). Surprisingly, tyrosine 



Shim ef at. 



PNAS I August 6, 2002 | vol.99 i no. 16 | 10619 



Fig. 4. T cell-specific induction 
oi apoptosis by TMC. {A) The pri- 
mary T and B lympliocytes and 
Hela cells were incubated for 10 h 
with the medium alone or various 
concentrations of TMC. Cells were 
lysed, and DNA fragmentation 
was analyzed by electrophoresis, 
(fi) The primary human T lympho- 
cytes were preincubated without 
(O) or with (•) immobilized 0KT3 
mAb (10 p,g/mlX and B lympho- 
cytes were preincubated without 
(V) or with (▼) goat anti-human 
IgM F(ab')2 for 3 h, and then 
treated with TMC (1 txg/m\) for 5 
h. Cell viability was determined by 
staining with PI and measure- 
ment by flow cytometry. (O -lur- 
kat T cells were incubated with 
various concentrations of TMC for 
5 h. Cell lysates were subjected 
to SDS/PAGE under reducing 
condition (anti-PARP blot, anti- 
caspase-3 blot, anti-caspase-9, 
and antl-Bcl-2 blot), and native 
PAGE under nonreducing condi- 
tions (anti-caspase-1 blot), and 
then immunoblotted with the in- 
dicated antibodies. As positive 
controls for the cleavage of these 
molecules, cells were stimulated 
with NIH 3T3 transfectant stably 
expressing human FasL. (O) Jurkat 
T cells (3 X 10^) stably expressing 
high level of SV40T antigen were 
transfected by using Superfect 
transfection reagent with null 
vector (gray) or bcl-2 expression 
vector (black). Cells were treated 
for 5 h with TMC (1 or 10 tig/m\} 
after transfection and then ana- 
lyzed by PI staining assay. (£) The 
primary human T lymphocytes pu- 
rified from peripheral blood us- 
ing Ficoll were pretreated with 
TMC (1 tig/m\) for 5 h. Cells were 
then stimulated with immobi- 
lized 0KT3 mAb (10 /ig/ml) for 5 
min. Lysates were immunopre- 
cipitated with anti-p-Tyr-conju- 
gated agarose beads, and the pre- 
cipitates were immunoblotted 
with anti-PI-3K/p85 mAb. For 
anti-phospho-Akt, antl-phospho- 
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Bad, and anti-PI-3k/p85 blots, the lysates were immunoblotted with the indicated antibodies. An equal amount of protein was added in each lane, which 
was confirmed by Ponceau S staining and immunoblotted with the anti-PI-3K/pB5 mAb. 



phosphorylation of Lck and Fyn and their kinase activity was not 
influenced, suggesting that TMC targets a signal mediator between 
ZAP-70 and Lck or Fyn tyrosine kinase in TcR-mediated si^al 
transduction cascade. A similar pattern of tyrosine phosphorylation 
inhibition was observed with primary human T cells stimulated by 
OKT3, and anti-CnD28 mAb in the presence of TMC (Fig. 6, which 
is published as supporting information on the PNAS web site, 
www.pnas.org). However, Lyn tyrosine kinase specifically induced 
on BcR stimulation was not influenced by TMC. 

T Cell-Specific Induction of Apoptosis by TMC. Triggering pro- 
grammed cell death in activated T lymphocytes is one of the most 
important regulatory mechanisms of the immune response (17). 
TMC induced DNA fragmentation of primary T cells using con- 
centrations as low as 1.7 nM. Primary B cells showed minimal cell 



death at high concentrations of TMC, and apoptosis was not 
observed in HeLa cells in the presence of TMC (Fig. 4A). Induction 
of apoptosis was quantitatively confirmed by PI and annexin V 
staining, and CD4'^ and CDS"^ T cells did not show any difference 
in the level of apoptosis induction by TMC (Fig. 7, which is 
published as supporting information on the PNAS web site). The 
purified activated human T cells showed much higher sensitivity to 
TMC than resting T cells or activated or resting B cells (Fig. 45). 
This result is consistent with the mechanism of action of TMC, 
which inhibits tyrosine phosphorylation induction of T cell-specific 
intracellular signal mediators. 

Two independent apoptotic-signaling pathways triggered by the 
ligation of death receptors or various forms of cellular stress have 
been proposed, and these two pathways converge on the activation 
of downstream caspase-3, -6, -7, -9 (18). To investigate the molec- 
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Table 1. In vivo immunosuppressive effect of tautomycetin on 
graft survival after heterocardiac transplantation in rat 





Concentration, 




Survival 


No. of 


Drug 


mg/kg 


Injection 


days 


rats 


Cremophor-EL 
only 


5 


i.p. 


9 


4 


5 


i.p. 


10 


3 


CsA/cremophor-EL 


5 


i.p. 


>100 


2 


Tautomycin/PBS 


0.05 


t.p. 


10 


3 


TMC/PBS 


0.05 


i.p. 


>160 


12 


TMC/ME 


0.03 


i.v. 


>160 


8 



The Lewis rat heart was transplanted in the abdominal cavity of the Wistar rat 
by microsurgical anastomosis. After the heterotopic heart transplantation, the 
recipient was given CsA (5 mg/kg of rat weight optimally formulated in cremo- 
phor-EL solution) for 40 days, tautomycin (0.05 mg/kg of rat weight and solubi- 
lized in PBS), or TMC (0.03 or 0.05 mg/kg of rat weight and solubilized in PBS or 
in microemulsion form (ME) for 30 days. Graft survival was monitored by exam- 
ining the heartbeat through the abdominal wall, and anatomical examination 
was done on 100th or 160th day after heterocardiac transplantation, 

ular mechanism of apoptosis induction by TMC, cleavage of 
downstream effector caspases and their key substrates was exam- 
ined (Fig. 4C). Bcl-2, which was known to bind to mitochondria and 
inhibit the release of cytochrome c, was cleaved as a consequence 
of TMC treatment in a dose-dependent fashion, and overexpression 
of Bcl-2 in Jurkat TAg cell line abrogated the apoptotic effect of 
TMC (Fig. 4D) (19). Similar kinetics of cleavage was observed in 
downstream caspase-9, caspase-3-like protease, and PARP. How- 
ever, caspase-l-like protease (20), which was cleaved by natural Fas 
ligand stimulation, was not affected by TMC treatment. Z-VAD- 
fmk, which was known to inhibit the function of caspase-1 and -8, 
inhibited the TMC-induced apoptosis in a dose-dependent manner 
(Fig. 8, which is published as supporting information on the PNAS 
web site). This finding suggested involvement of caspase-8 in 
TMC-mediated apoptosis induction via mitochondria. These results 
indicated that T cell-specific induction of apoptosis by TMC is in 
part mediated by Bcl-2 cleavage, leading to the release of cyto- 
chrome c, which facilitates binding of Apaf- to caspase-9 in its 
presence and subsequent activation of caspase-8 and -3 in apoptosis 
induction signaling pathways. 

In recent studies, the serine/threonine kinase Akt is emerging as 
a key molecule involved in regulating cell survival in a variety of 
models (21). To investigate the invoh^ement of Pl-3 kinase, Akt, and 
BAD in T cell-specific apoptosis induction by TMC, the induction 
of phosphorylation of PI-3 kinase, Akt, and BAD was examined in 
the presence of TMC by using the primary T cells stimulated by 
immobilized 0KT3 mAb. As shown in Fig. TMC significantly 
inhibited the phosphorylation of Akt and BAD, suggesting that 
these three molecules might be responsible for the possible func- 
tional crosstalk between inhibition of T cell activation and induction 
of T cell-specific apoptosis by TMC. 

Immunosuppressive Effect of TMC in Vivo. To assess the in vivo 
immunosuppressive effect of TMC, we measured allograft survival 
in rats treated with either TMC or CsA after heterotopic cardiac 
transplantation (22). The mean graft survival without administra- 
tion of any immunosuppressor or solubilizing reagent was only 9.5 
days, compared with more than 100 days for an isograft. The 
recipient was treated with CsA (5 mg/kg of rat weight) optimally 
formulated in cremophor-EL polyethoxyethylated castor oil solu- 
tion for 40 days or with several different doses of TMC solubilized 
in PBS or in microemulsion form for 30 days after heterocardiac 
transplantation. As shown in Table 1, graft survival was prolonged 
for more than 100 days in the CsA-treated group. The grafted heart 
survived for more than 160 days in groups of rats treated with TMC 
using a dose as low as 0.03 mg/kg, and the level of graft survival was 
observed in a dose-dependent manner. On histological examination 
on the 160th day after transplantation, the cardiac muscle cells. 



vascular architecture, and renal tubes were well preserved, and T 
cell infiltration was minimal in the recipient. Biochemical analysis 
of GOP, OTP, glucose, and creatine levels in blood after admin- 
istration of TMC up to 5 mg/kg in rats for 30 days did not show any 
significant liver and kidney toxicity (see Table 2, which is published 
as supporting information on the PNAS web site). In contrast to 
TMC, tautomycin did not show any immunosuppressive effect in in 
vivo heart allograft transplantation. These results demonstrated 
that the in vivo immunosuppressive activity of TMC is as effective 
as CsA in an in vivo organ transplantation model, and the immu- 
nosuppressive effect of TMC can be improved even more if the 
pharmacological formulation of TMC is optimized. 

Discussion 

A new Streptomyces strain was isolated from the soil of volcanic 
Cheju Island, which produces a novel immunosuppressive mol- 
ecule. The active compound was purified through various chem- 
ical methods and identified as TMC, which was originally found 
as an antifungal antibiotic. A comparable level of inhibition of 
T lymphocyte proliferation induced by mouse MLR or the 
mitogen Con A was observed with a 100-fold lower concentra- 
tion of TMC than CsA. Although the induction of IL-2 gene 
expression was inhibited by both TMC and CsA, TMC showed 
the inhibition of the surface expression of CD69 or IL-2Ra 
chain. These findings suggested that TMC has the capacity to 
inhibit the intracellular signaling pathway leading to T cell 
activation and proliferation, and its mechanism of action is 
different from that of CsA. 

Among the intracellular signaling events proximal to the TcR 
complex, TMC inhibited T lymphocyte activation by blocking the 
tyrosine phosphorylation induction of the T cell-specific signal 
mediator in a dose- and time-dependent manner on TcR stimula- 
tion. This inhibitory effect of TMC was not observed in primary B 
cells when BcR was engaged by anti-BcR mAb, Further analysis of 
the tyrosine phosphorylation state of individual key signaling 
molecules in the T cell activation pathway demonstrated that TMC 
inhibited T lymphocyte activation by blocking the tyrosine phos- 
phorylation induction of T cell-specific signal mediators located 
between Lck or Fyn tyrosine kinase and ZAP-70 tyrosine kinase. 
The molecule downstream of these two kinases might be the target 
of TMC. A recent study supported the concept that TcR antago- 
nism can occur through the generation of an inhibitory signal within 
the TcR complex, and the inhibitory effect can be exerted through 
the action of proteins that specifically bind partially phosphorylated 

Binding proteins could be unknown inhibitory phosphatases 
brought into the vicinity of TcR or unknown positively acting 
kinases present in a limited amount. Alternatively, one of these 
binding proteins might be the target molecule of TMC. 

Surprisingly, the T cell-specific inhibition of tyrosine phosphor- 
ylation induction by TMC triggered T cell-specific apoptosis via 
Bcl-2, caspase-9, caspase-3, and PARP cleavage, but not via 
caspase-1 activation. Protection of TMC-induced apoptosis by Bcl-2 
overexpression confirmed this pathway. However, partial protec- 
fion, not complete abrogation, of TMC-induced apoptosis by Bcl-2 
overexpression might suggest the possible roles of other members 
of the BcI-2 gene family in TMC-mediated apoptosis inducfion via 
mitochondria. Inhibifion of phosphorylation of PI-3 kinase, Akt, 
and BAD by TMC demonstrated that Akt and BAD might be 
important signal communicators between TMC-mediated inhibi- 
tion of T cell activation and apoptosis induction. The observation 
that the activated human primary T cells showed much higher 
sensitivity to TMC than resting T cells or activated or resting B cells 
is consistent with the results that TMC inhibited the tyrosine 
phosphorylation induction of T cell-specific signaling molecules. 

Both TMC and tautomycin exist naturally in two tautomeric 
forms, which resulted in similar chemical names being coined. 
Tautomycin, which is known to be a specific inhibitor of serine/ 
threonine protein phosphatases PPl and PP2A, shares a partial 
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structural moiety with TMC due to its tautomeric property (23). 
However, the functional moieties in tautomycin necessary for its 
inhibitory activity to PPl and PP2A (C22-C26) and apoptosis- 
inducing activity (C1-C18) do not exist in TMC. Higher concen- 
trations (10^ Mg/n^D of tautomycin were required to exert a similar 
level of apoptosis by TMC, and T cell-specific apoptosis induction 
was not observed with tautomycin. In contrast to TMC, tautomycin 
did not show any immunosuppressive activity in in vivo heart 
allograft transplantation. 

Two recent papers (24, 25) demonstrated that protein phospha- 
tase PPl is targeted to microtubules by the microtubule-associated 
protein t, and associates with and activates the actin-binding protein 
cofilin in human T lymphocytes, and regulate its polymerization 
through phosphorylation. Phosphorylation of cytoskeleton or its 
associated proteins plays an important role in T cell aaivation. 
These results strongly support the inhibitory effect of TMC on T cell 
activation. PPl exists i/i vivo as multiple holoenzymes composed of 
catalytic subunit and several targeting or regulatory subunits, and 
the action of PPl vivo is thought to be controlled by the regulatory 
subunits. In our results, TMC might act on the unknown regulatory 
subunits of PPl in T cell-specific manner. 

Several possible mechanisms by which TMC induces activated T 
cell-specific apoptosis can be suggested. TMC might not act on the 
apoptotic machinery directly, but by preventing the early T cell 
activation pathway, it creates a form of intracellular stress and then 
activates mitochondria-mediated apoptosis signaling. Alternatively, 
inhibition of activation of an intracellular target molecule on T cell 
stimulation directly triggers the apoptosis signal transduction path- 
way via caspase-3 and -8. Thus TMC induces the cleavage of the 
anti-apoptotic protein Bcl-2 and the release of cytochrome c from 
mitochondria and then activation of caspase-9 complexed with 
Apaf-1 leading to caspase-3 activation, the executioner for apopto- 
tic cell death. Another possibility is that inhibition of T cell 
activation by TMC may block the activation of Akt, the cell survival 
signal, leading to the activation of the pro-apoptotic molecule, 
BAD, by preventing its phosphorylation (Fig. 5). The in vivo 
immunosuppressive effect of TMC was tested in the heterotopic 
cardiac allograft rat model, and 100-fold lower concentrations of 
TMC than CsA increased graft survival up to more than 160 days, 
which is quite comparable to the in vivo effect of CsA. Adminis- 
tration of TMC up to 5 mg/kg in rats did not show any significant 
liver and kidney toxicity, high glucose level in biochemical analysis 
of blood, or histological abnormality such as renal tubular damage 
(Table 2). 

In conclusion, we identified an immunosuppressor, TMC, from 
a Streptoniyces strain from the soil of volcanic Cheju Island that acts 
very specifically on activated T cells. Its mechanism of action is 
different from that of CsA and FK506, and the level of cytotoxicity 
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Fig. 5. Proposed mechanism of action of TMC TMC inhibits the tyrosine 
phosphorylation of T cell-specific intracellular signal mediator between 
ZAP-70 and Lck or Fyn tyrosine kinase in TcR-mediated signal transduction 
cascade. Inhibition of tyrosine phosphorylation by TMC induces activation 
of caspase-3 that can cleave the antiapoptotic protein Bcl-2 and then 
activation of caspase-9 complexed with Apaf leading to subsequent PARP 
cleavage and DNA fragmentation. Alternatively, inhibition of T cell acti- 
vation may block the activation of Akt leading to activation of proapopto- 
tic molecule. Bad. 



of TMC on various organs was much lower than that of CsA when 
administered in vivo. The microemulsion preparation of TMC used 
in these experiments may be a suboptimal formulation, so there may 
be considerable room for improvement of the immunosuppressive 
effects. Furthermore, it can be also used in combination therapy 
with much lower doses of the current immunosuppressors and as a 
bioprobe to dissect the complex intracellular signaling pathways in 
T cell activation. Studies are being undertaken to identify the 
specific target molecules of TMC in the signal transduction pathway 
of T cell activation, as well as its chemical modification and optimal 
drug formulation for efficient clinical administration. 
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Alexandria. VA 22313-1450 , 
Sir: 

I, Sherman Fong, Ph.D. declare and say as follows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis. CA in 
1975. 

2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation. La JoUa. CA, I joined Genentech. Inc.. South San Francisco. CA in 
1987. I am cunenUy a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech, Inc. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech's Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a weU known and widely used proliferative assay of T-ceU function, 
the basic protocols of which are described, for example, in Current Protocols in 
InununsiagX Vol. 1. Richard Coico. Series Ed.. JohnWiley & Sons. Inc.. 1991, Unit 3.12. 
(Exhibit A). This pubUcation is incorporated by reference in the description of the MLR 
protocol in the present application. 



6. The T-lymphocytes or "T-ceUs" of our immune system can be induced to proUferate by a 
variety of agents. The MLR assay is designed to stody a particularly important induction 
mechanism whereby responsive T-ceUs are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cells, is cultured with allogeneic PBMCs 
that predominanUy contain dendritic ceUs. Acceding to the protocol, the aUogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of ceUs that has mainly dendritic cells. It is known that the 
dendritic ceU population among the PBMCs are differentially affected by irradiation. At 
low doses (500-1000 Rad), the proUferation of most ceUs, including the B cells in the 
PBMa, is preserved, however, at doses above 2000 Rad, this function of B cells is 
abolished. Dendritic ceUs on the other hand, naaintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Oirrent Protocols in ImmunoloRV. supra, 
at 3. 12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic ceUs are the most potent antigen-presenting cells, which are able to "prime- 
naive T cells in vivo. They carry on their surf^ace high levels of major histocompatibility 
complex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-cells with potent and needed accessory or costimulatoiy 
substances, in addition to giving them the T-cell maturing antigenic signal to begin 
proliferation and cany out their fiinction. Once activated by dendritic ceUs. the T^Us 
are capable of interacting with other antigen presenting B ceUs and macrophages to 
produce additional immune responses from diese ceUs. For further detaUs about the 
properties and role of dendritic ceUs in immune-based therapies see, e.g. Steinman, Dmg 
NftwsPerspect. 13(10):581-586 (Exhibit B). 

8. The MLR assay of the present appUcation is designed to measure the abiUty of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR, and thus identifies immune stimulants tiiat can 
boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously. 
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9. Such immune stimulants find important clinical appUcations. For example, IL-12 is a 
known immune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay. lL-12 was first identified in just such an MLR [Gubler et al. PNAS 88. 
4143 (1991) (Exhibit Q]. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics Institute (Cambridge. MA) have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of IL-12. for the 
treatment Of melanoma, [Peterson et al. Ipuninl of ainical OncoloRV 21 (12). 2342-48 
(2003) (Exhibit D)] They extracted circulating white blood ceUs carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to the patients. 
NormaUy patients would not have an immune response to his or her own human antigens. 
The patients were then treated with different doses of IL-12, an immune stimulant 

capable of inducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earUer work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs). treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anti-cancer response. [Thumer et al. L 
P.T p. Med. 190 (1 1). 1669-78 (1999) (Exhibit E)]. 

10. It is my considered scientific opinion tiiat a PRO polypeptide shown to stimulate T<ell 
proliferation in the MLR assay of die present invention witii an activity at least 180% of 
tiie control, as specified in tiie present appUcation. is expected to have tiie type of activity 
as tiiat exhibited by IL-12. and would therefore find practical utility as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T-ceU 
proliferation in the MLR assay. It is my considered scientific opinion diat a PRO 
polypeptide shown to inhibit T-ceU proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in tfie present application, would be 
expected to find practical utiUty when an inhibition of tfie immune response is desired, 
such as in autoimmune diseases. 
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Proliferative Assays for T Cell Function 

A number of agents can specificaUy or nonspecifically induce T cell activation, resultmg 
J^^e priiuction, cytokine receptor expression, and ultimately proliferaUon of Ae 
Ltivated T cells. Although proliferation is not a specific effector funcUon of T lympho- 
!SteLin contrast to helper function for B lymphocytes {UNtruo) or cytotoxicity (y/wr 
^ »V-Droliferation assays are reliable, simple, and easy to perform and have been widely 
us^o assess the overall immunocompetence of an animal. In addition, the assays 
dSaited in this unit foim the basis for identifying the appropriate cellular population 
tiSSt be used to obtain T ceU clones (M«r5.;^) or TceUhybridomas (uNir3.i4). 

The assavs have been divided into two groups on the basis of whether they are used to 
stoiSe primed or unprimed T lymphocytes. The first basic protocol describes fee use 
ofCnts that are capable of activating unprimed T lymphocytes m culture either by 
S^logic means (calcium ionophore and phoibol ester sUmulaUon). by direct 
Sinking of the T ceU receptor (TCR) on a large percent^e of responde^ c^ 
S!cDriti-TCR-75. or anti-TCR^ monoclonal antibodies by cross-hriang toe 
S^oto^ on certain subpopulations of T ce^ 

J^rions of B chains of the TCR (anti-VP) or with enterotoxins specific for ceitoin 
vSiegions.orbyindircctlycross.linkingtheTCROectinsorm^^^^ 
to7o^^antigens). The fust alternate protocol describes the use of plate-bound 
^ti^es specific for the TCR to stimulate proliferation. The second alternate protocol 
SoiteTthVactivation of unprimed T cells to cell-associated antigens in the nuxed 
reaction (MLR). TTie first support protocol describes the preparation and use 
ofT^UWepteted accessory or stimulatorcelk and the second supportp^^^ 

mlXf or blocking accessory ceU pioliferatioa Fmally. the second basic protocol 
Si tL induction of a T ceU proliferative response to solubk protem antigens 

cell-associated antigens against which the animal has been primed in vivo. 
TT,e assavs in this unitenq)loymurineTlymphocytes.Induction of proMerativere^^^ 
of mS B lymphocyt^ is described in imr3J0. Related assays for use with human 
peripheral blood lymphocytes are described in yMr7.9. 

NOTE: All solutions and equipment coming into contact with cells must be sterile, and 
" proper sterUe technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unnrimed T cells can be induced to proliferate by a variety of agents, including pharma- 
SoS^^gents. anti.CD3nX3t or anti-THy-l mon<jlonaI antibodies, enteroto^^ 
SsThe commentary briefly describes the specificities of these agents while Table 
i^Tl liste sLices and concentrations for use in this protocol. Although this procedure 
?s intended to measure proliferation of Tcells specifically, in many cases mduction of T 
iSSiation is dependent on the presence of non-T ceUs that function as accessory 
SKe^r provide additional cosUmulatoiy signals for T ceU prolif^ation as wdl 
^ ««ss link (via their Ft receptor) monoclonal antibodies bound to ceU-suif ace anti- 
feTr^e^uirement for non-T accessory cells varies with the nature of the sUnmlatory 
Sd^^ range from absolute dependence to accessory ceU-mdependent T cell 
Sati^(see Tabte 3 . 12. 1). The activation is calcutoted after deternunm 
in incorporation of pH]thyinidine between stimulated and control ceUs. 
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Table 3.12.1 Agents Used to AcUvale Unprimed T CeBs in Proliferative Assays 



Agenr 


Source/ 
cat no * 


Concentration 


Accessory 

CCiiS^ 


PMA 


SIGP8139 


1-10 ng/ml 


No 


lonomycin 


PAL 407950 


200-500 ng/ml 


No 




CAL 100105 


100-500 ng/ml 


No 


PHA 


WDHA16 


1-5 ng/ml 


Yes 


ConA 


PH 17-0450-01 


MOfig/ml 


Yes 




PGiiiAb-G7 


1-50 ng/ml 






PGHM-CD3 


0.1-5 jigAnl 


Yes« 


Anti-TCR-«P 


PGHM-AB- 
TCR 


0.1-10 jig/ml 


Yes« 


Anti-TCR-75 


PGHM-GD- 
TCR-1; 

HM-GD-TCR-3 


0.1-100 ng/ml 


No 


AnU-Vp-o,i» 
Anti-VP-fi^ 


pfi MM-VB- 
TCR-1 

PGRM-Vp- 
TCR.2 


0.1-100 ng/ml 

0.1-100 ng'mi 


No 
No 


Anti-V^U 


PGRM-Vp- 
TCR-3 


0.1-100 ngtoi 


No 


StaphtoxA 


TTATlOl 


l-lOng^ml 


Yes* 


Staph toxB 


TTBT202; 
SIGS4881 


1-100 ng'mi 


Yes^ 


Staph tox E 


rrET404 


1-10 \ig/vol 


Yes« 



Mode of action, etc. 



Use with ionomycin or 
A23187; pharmacologic 

Usewi&PMA; 
pharmacologjic 

Use with PMA; 
pharmacologic 

Indirect 1X31 
cross-linking 

Indirect TCR 
cross-linking 

IridMCtTCR 
cross-linking 

Use plate-bound or 
soluble; direct TCR 
CToss-linking 

Use plate-bound or 
soluble; direct TCR 
cross-linldng 

Use plat&-bound; direct 
TCR CTOSS-linking 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direa 
TCR cross-linldng 

Use plate-bound; direct 
TCR cross-linking 

Vp-1,3,10.11.17- 
receptor specificity 

VM»7.8.17-^cceptor 
q>ecificity 

Vp-ll,15.17-receitor 
spedficity 



«Abbicviations; ~ . ^ ^ 

tox A, B, & E, ^ftV^Ay'oca^'' <otat)toxin» A. B, & 



^^ory cell dependence is not absolute with anu-Thy-l antibodits. 
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Materials 

Comolete RPMI-5 and RPMI-10 media (A/'i'£W)nr2) 
Resi»nder cells: lymphocytes from nonimmunized mouse thymus, spleen, oi 

lymph nodes (iw/Tii) 
Activating agent(s) (Table 3.12.1) 

Phosphate-buffered saline (PBS; /P/'BNDaz) . \ . 

Accessory ceUs: unftactionated mouse spleen cell suspension irradiated or 
^S^wilh mitomycin C (second support protocol) or T celWepleted 

(first support protocol) 
pHJthymidine (AfP£WD«J) 

15- and 4-iiU disposable, polystyrene corneal tubes with screw caps 

Low-speed centrifuge with SorvaU H-lOOOlB rotor (or equivalent) 

1- 5- and 10-ml disposable polystyrene pipets 

kw^rflat- or round-bottom microtiterpla^ 

25- to lOO-Jil single- and multichannel pipettors with disposable tips 

Additional reagents and equipment for removing orgaiis (iw/ri.9), pre^rmg 

sfa^e^U £spensioi«(M«r5./). and counting, labehng. and harvestmg 

cells (appendix 3) 

1 Prepare rcsponder leukocyte suspensions firom thymus, spleen, or lymph node in 
' complete RPMI-5 as described in UNirii. 

Th^sire ofthe Mended experiment dictates the nunAercforgam to be See 
^til^^D3fyranindication qfceU number required, and UN1T3.I far number 
T^T^To^^LSpleZ^m^. andlymphnodecanbeusedasi^ponderceUs 
'^u'^fl^sSi^atur^^ PurifiedT cells orsubpopulationsctf 

T^Xte!cS^or S^) cells may be used See UNnSSJ-S^far enrichment/ 
depletion methods, 

2 Centrifiige single.<»U suspensions in 15-ml conical tubes for 10 rmn in Sorvall 
SS rotor^ -1000 rpm (200 x g), room temperature, and discard supernatant 

3 Resuspend ceU peUet in complete RPMI-5. Count responder ceUs and adjust to -10* 
cells/ml with complete RPMI-10. 

WhiU this concentration (l^Kfi cellsM or 2x20^ ceUsMeU) ^^f^j^^J^^ 
»Zmses with most ceU populations, it is us<^ to compare 2. 4. and 8x1^ cells per 
S!SpZexperiJ^nts.1fut^m^ 
^f}^rZ^nderpopiLon,sJcientaccessorycelUarepr^^^^^^ 
Tl^„7kZnttf^aatureswithadditionalceUs.Howev^ 

T cdl^Z^P^ns are used as responders. it wiU be "f««Sii%'??iT?S 

a^fsso^ce^dependingonthenatur^oftheacHvatmga^^^^ 

'^Jt7^ilv acconwlished by adding increasing numbers (0.1. 0.5. andLOxmof 

^C/T Abrc SSw comparison cf the responsiveness qf different ceU 
Z^r^^^^o/ZtZ activating agents as weU as the respondmg 
cell populations, and a kinetic expenmenL 

4 Prepare working solutions of activating agents in 4-ml conical tabes ^ room tem^r- 
SrSfoBowJpor^b.-^^^^^ 

(or 4 ^tg/ml ionomycin) in PBS. 

JfMAb in supernatant or ascites form are being used, at Uastfour dilutions should 

especially MAb, may bind to the plastic. 
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See Table 3.12.1 for VP specificities of staphylococcal enterotoxins. It is essential to 
verify that the mouse strain employed expresses the MHC class 11 surface molecules 
for which the enterotoxin has a specific binding affinity. See Marrack and Kappler 
(1989) for further discussion of various enteroxins and their specificities. 

5 Add 20 ^il of each dilution of activating reagent (MAb, enterotoxin ot lectin) to each 
of three wells of a 96-weU flat- or round-bottom microtiter plate. Include control wells 
wiA 20 jU of PBS only. Add 20 jU PMA or calcium ionophore at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dUutions wiUform one row of each microtiter plate, allowing for 
efficient organization of the plates. 

6. To the weUs of the 96-well microtiter plate containing activating agent, add 2 x 10^ 
cells in 0.2 ml! 

7. Place microtiter plates in a humidified SVC, 5% COj incubator for 2 to 4 days. 

Optimum culture periods for stimulating celts wiU vary depending on cell type and 
laboratory conditions and must be determined empirically (see critiad parameters). 

8. AddpH]tbyniidinetoeachweU.ReturntheplatestoCOjincubatortopulsel8to24 
hr. Harvest cells using a semiautomated sample harvester and measure cpm in p 
scintillation counter. 

9a, Compute the data as the difference in cpm of stimulated (experimental) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures from the arithmetic mean of q>m from 
cOTiBSponding stimulated cultures. Va& results are referred to as "A cpm." 

9b Alternatively, compute the data as the ratio of cpm of stimulated and control cultures. 
* This is done by dividing the arithmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. The results are refened to "SF 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
vcdueswiUresuUinlargedumgesinSIandshouldbeinterpretedwithcaution. Inmost 
puUications. A cpm raAerOum SI values are preferred. 

ACinVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANOBODIES 

AlAough it is possible to induce T ceU activation vwth monoclonal antibodies to the 
CD3/TCR complex in solution during culture, such activation depends on cross-bnking 
of the antibody by Fc receptor-bearing accessory cells. This protocol describes tiie use 
of monoclonal antibodies to the CDSTTCR complex by coupling tiiem to the wells of die 
microtiter plates. TTje T ceU proliferative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, although the responses 
obtained may be suboptimal (Jenkins et al., 1990). 

Use of this protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to tiieFcreceptorpresent on murine accessory cells and which 

do not induce TceU activation in soluble form. Although all monoclonal antibodies readily 
couple to plastic under Uiese conditions, it is very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, the conditions described in tiie basic protocol should be followed. 
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Additional Materials 

PBS {Af/'£WDff2), room temperature and 4''C 

TlaLl Durified aiiti-CD3 or anti-TCR MAb in PBS (for nonspecific acuvauon 
' ?lel?s^V Wml purified anti-VP or anti-TO^TS MAb in PBS (for 
activation of T ceUs with specific receptors; see Table 3.12.1) 

1 In 4-mlcoiucd polystyrene tubes, prepare a sepes of four <m^^^^^ 
Seriiri mg/nd stock solution«.g.. 100. 10. 1. and 0.1 ng/nd-usmg room 
temperature PBS. 

Sources and recommended concentrations (^monoclonal antibodies can be found in 
TabU3.jTl: since MAb wiU bind to plastic, the working ddutwns should be used 
immediately. 

The abiUty anti-TCR antibodies to cross-link receptor m^ad^ varies dep^^g 
In tSoZii the MAb preparation and the affinity of the MAb for the TCR/CD3 
Z^lT^tirmmdilutionswiUhavetobedeterminedindose-responseexpen^ 
A^JSivdi^parations <>f ascites fluid from the MAb can be tested at different 
dS^(Z !^m 1:200. 1:400. and 1:800). butuseofpurifiedantibodywdiaOow 
for better standardization of the assay. 

R^rmise the efficacy of MAb-induced activation depends on the amouracf onliMy 
bZ^to % wells, it is crucial to make dUwAons in a b^er without 

^^iZwl source of proteins such as FCS or albumin; these would compete with 
antiMy. and therefor, reduce the responsiveness. For^^^ 
Tis^ J recommended to perform the assay with culture supematants qf the 
appropriate hybridomas. 

2 Add 30 Ml of each concentration of MAb solution to each of ttaee weUs of a 96.weU 
r^d4«ttomnricrotiterplate.Includecontrolwellsof3^ 

A K^ries of four dilutions wiU form one row qf each plate, allowing for ^fficient 
o^^Jdzadonofthe plates. Consistently better resp<msesare seai wifi round-bottom 
^?o^^wUh flat-bottom) plates in antibody-mediated experments. 

Mn^ often, optimal responses are seen with 10 pg/ml antibody. There is no point in 
^fZredumtheZlicatedamountqfantibody. since tlu^ maximum amount that 
^i7u> surface of the wells is -2 to 3 pg (AM.K.. unpub. observ.). 

, 3 Cover the plate and gentfy tap its side to ensure complete covering of the bottom of 
SwX£(«bateplates90minat37»C.I>mngincubation,pio^ 

nurin9 this incubation, the antibodies bind to the plastic in the weUs for subsequent 

cZ-!iZ^f^eTZllreceptorsonrespondingTcelU.Ph^ 

Z niS^ore an experiment and kept in the refrigerator overnight, r^r the STC 

incubatiofu 

4 pn.narerespondercellsuspensionsasinstepslto3ofthebasicprotocol. 

m^htv ourified Tcell populations can be used in these studies as the proWerative 
rS^^ed is cZssory cell-independent. However, the presence ofnon^T 
octessory cells does not interfere with the proliferative response. 

5 Washthewellsoftheincubatedplatesbyadding200^1coldPBSandinvertingthe 
^^tStTafUckofthehandonastackofpapertowekplacedmat^st^^ 
hwd. Repeat washing procedure two more times to remove excess anubody. 

6 To the wens ofthe washed plates, add -2x10* cells in 0.2 ml. 

lfcellsarenotreadyatthisstage.platesmaybekeptintherfigera^^^ 
mdPBShasbeaiadded. Presumably, longer storage periods should be occeptable. 
bftom-ap^e is limUed to<4day periods. The PBS should be removed b^ore 
the cells are added 
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Most cell populations will give peak resporisiveness at this ceU dosage, but pilot 
experiments should be performed to establish optimal conditions. 
7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
befrae adding [^Hlthymidine. 

Kinetic assays should be performed to determine Ou optimum culture period. 

T CELL PROLIFERATION m MIXED LYMPHOCYTE CULT^ 

In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responds T 
ceUs are cultured with allogeneic stimulator lymphocytes. The activatmg stmiulus is the 
foreign histocompatibility antigen (usually MHC class I or class H motecuks) expres^ 
on thrallogeneic stimulator cells. Responder cells need not be pruned because a suffi- 
ciently high number of T cells in the MLC will respond to the stmutoor population. If 
Se stimubtor cell populaUon contains T ceUs. their nptake of pHlthymidme must be 
«evcnted by irradiaUon or treatment with mitomycin C; alternatively 4e stmmlator cell 
suspension can be depleted of Tcells (see support protocob). 

AdditionatMateriab , , u 

ResDonder cells: lymphocytes fom nonimniunized HKWse thymus, q>leen, or lyr^ 

nSST«vnsi.p\iT/) or purified Tcells or ^ 
Stimubtor cells: aUogeneic mouse spleen cells that diffw from the responder ce^ 
at if.2 or Mb loci, irradiated or treated with mitomycm C (second support 

protocol) or T cell-depleted (first support protocol) 

1 Prepare responds ceUpopubtions as in steps 1 to 3 of the basic protocol. Althou 

■ onfiactionated ceU populations can be used as responders in certam situations, it may 
be preferable to use purified T cells or T ceU subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
at^withdiffer^nmnbersqfresponderceUs. Typiadl^ three repUcau wells are set 
^ontlingeadi of the following: 0.5. J.2.and4xlO^ cells (optunal responses^ 
ZZfy^uLd wii the latter two densities). The setup for these four ceU densities 
wiU occupy one row (12 wells) of a microtiter plate. 

ForthymocytesJtmaybenecessarytouseSxlO'ceUsperweUbecausea^frequ^ 
ofres^SrceTis lower; the lowest number qfresporiderceUs couUthmbel x 
l(?^aie doses in between would be 2 and 4 X JO'. Usmg this rimgei^ 
Zmbers of responder cem may oho be preferred wheTt experimenU^ 
are expecud to reduce the frequency cf responding Tcells. 

2 Toa9^wellmicrotiterplate.add5xl0*to4xl0'respondercellsin0.1mltoeach 
weU. Fbr each experimental group, set up three repticate wells. 

Stimulation of leukocytes for proliferaHon in 96-well microtiter plates can be run in 
. paraUelwiAiytotoxicTlymphbcyte(Cn.)generatum(^^^^^ 

in24.weUmicrvtiterplates. For example, cells can be diluted to 4x l(^cellsM and 
added to 24-weUplates in 1.0 mUweU for CTL generation and to 96-weUplates in 0.1 
ml/well for pro^eration. 

3 Prepareasingle-ceUsuspensionofirradiatedormitomycinO^realedsti^^ 

' Altematively,prepareasuspension ofTK«Udepletedstimulatorcells. Add0.1 mlto 

each well of the plates containing responder cells. 

The optimum number of stimulator cells must be determiried for each MW <md for 
d^er^tt responder cells. For a range of responder ceUs from 0.5-4 x M « 
stimulator celU at densities of 2. 4, and 8 X KfiM (i.e., 2. 4, and 8 x l(fi/well). It 
should be noted that the stimulator cell suspension provides both the specific antigen 
to be recognized by the responder T cells as weU as nonspecific accessory cells. If 
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highly purified f cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder TceUs. 

Separate weUs with control cultures should be set up that include^for each dose of 
responder and stimulator ceU^eplicate wells of responder ceUs with irradiated or 
mitomycin C-treated syngeneic stimulator cells. Values obtained from these controls 
reflect "background" proliferation vahies (see step 9 of basic protocol). Other negative 
controls often included are weUs with stimulator cells alone and wells with responder 
cells alone These arc not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
indicate potential autOTcactivity. 

4. FoUow steps 7 to 9 of the basic protocol, but incubate flie cultures for 3 to 6 days. 

Optimum culture periods for stimilating cells wiU vary deperuiing on ceU type and 
Idboratory conditions, and must be determined empirically (see critical parameters). 

nFPLETlON OF T CELLS FROM 
ANTlGEN-PRESENTmC/STIMinATOR CELL SUSP 

Aldiough normal unfractionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spteen ceU 
nopulations from which the T cells have been removed. ITiis procedure ensures that none 
o( ±t observed proliferative responses of the responder population result firom T cell 
factors derived from the accessory cell population. For example, even T cells whose ceU 
division has been blocked (second support protocol) can produce cytokines, to the 
foUowine steps. T cell-depleted spleen ceU suspensions are prepared usmg a lytic 
monoclraal antibody to the T cell antigen, Thy-1. Because almost all the antigen 
presentation or stimulator ceU activity in spleen resides in the noih-T ceU firactiOT. ftis 
nmcedure also leads to enrichment of functional antigen-presenting ceU fimchon. Further 
e^Snent of antigen-presenting cells (APC) by ftotation of the T cell-depleted spleen 
ceUs on PercoU gradients is also described. Other procedures leadmg to ennchment of 
APC are described elsewhere; the method described in umrsj does not deplete T cells 
and therefore is not recommended here; die method described in UNn-3.J5 leads to higher 
levels of enrichment diat are not required in the protocols presented here. 

Additional Materials 

Spleen cells from nonimmunized mice 
Hanks balanced salt solution (HBSS;i«'/'£NDa2) 
Low-Tox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-cold distilled water and filter-stMilized 
Anti-niy-1.2 ascites (HO-13-4; ATCC #T1B 99) or anti-Thy-1.1 ascites 

(HO-22-1; ATCC WHB 100; alternatively, see Table 3.4.1 for other 

anti-Thy-i MAb and UNirze production of ascites) 
70% Percoll solution («WT3.a and reag««s and solutions) 

1. Centrifuge the spleen ceU suspension derived from single spleen down to a pellet 

The spUen cells should always be from nonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells m the MLC. 

2. To the peUet, add 0.9 ml HBSS, 0.1 ml complement, and 25 pi anti-Thy-1 ascites. 

Ifcellsfrvm more than a single spleen are needed, the procedure should be scaUd tq> 
accordingly. 
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The choice ofanti-Thy-1 reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly availabU mouse strains 
(except AKR) express the Thy-1.2 allele. 

3, Incubate the mixture at 45 nun in a 37°C water bath. 

4 Centrifuge 10 min in SorvaDH-lOOOB rotor at -1000 ipm (200 xg), room tenipera^^ 
' ture. and discard supernatant Resuspend pellet in HBSS and wash two more times. 

5 Count viable cells {APfESoa i) and resuspend in coiiq)lete RPMI-10 or PBS for 
* inactivation as in the second support protocol, or in HESS to prepare low-density 

accessory cells (see below). 

The T cell-depleted spleen cell population is comprised qfB cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory ceU function can 
be obtained by fractionatitmcf this populatimmPercolL 

6 Dilute 70% PeicoU solution to 55% by mixing 23.58 ml of the 70% Peicoll with 6.42 
' ml HESS. Resuspend T cell-depleted spleen ceUs ftom step 5 in HBSS at 20 x 10^ 

ceUs/ml. 

7. Layer 3 ml cell suspension over 3 ml of 55% Pfcrcoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 min in H-IOOOB rotor at 3000 rpm (1900 x g), room temperature. 

9. Remove cells that band at the PeicolWfflSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable ceUs and resuspend in complete RPMI-10 for inactivation according to 
the second support protocoL 

The population obtained from steps 6 to 10 is comprised of large ceUs including 
macrophages, dendritic cells, and activated B lymphocytes. This population of cells is 
enriched in accessory cell function. When used in eiAer ofthe basic protocols with 
purified T responder cells, fewer of the PercoU-purtfied cells should be needed to 
provide accessory fimctian. 

BLOCKING CELLULARDIVISION OF ACCESSORY/STIMULATOR CELLS 
TTiere arc two situations in which inhibition of accessory or stimulator ceUdi^^^ 
be blocked When purified T cells rather than unfractionated lymphoid populations arc 
used in the basic protocol, cultures are frequently supplemented wifli aa»ssory cells 
syngeneic to the responder T cells. If accessory cell DNA synthesis is inhibited, one 
thfflTbe certain that the resultant proliferative response is comprised entirely of responder 
T ceUs and does not contain a component of recruited B ceU proliferation derived from 
the accessory ceU populations. In theMLR. the stimulator cells arc spleen cells from nuce 
that differ from the responder cells in H-2 and/or Mis gene expression (see appendix U 
Ta,lesA 1C.1 and A.lEl)and they can also recognize alloantigens on the responder ceUs 
nus responsiveness of stimulator cells against responder cells in an MLR (so^alled 
back-stirmlation) must be prevented by blocking ceUular division This can be done by 
tteatment of stimulator cells with mitomycin C (a DNA cross-lmkmg leagent) or by g 
inadiation. Many investigators prefer mitomycin C treatment when aritigemc differences 
encodedforbyMiv genes are tobemeasured.or when an inadjationso^isnota^^ 

For more information on the loci encoding Mis genes, see Tables A.1F.2 and A.1F.3. 

Mitomycin C IVeatment 

Addidotud Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1 . In a 15-ml aluminum foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 0.5 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive., it is necessary to prepare a fresh stock 
solution each day for each ejq>erimenL 

2 Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration of 5X10' cells/ml in PBS. 

3 Add mitomycin C to a final concentration of 50 Hg/ml (100 Ml/ml of ceU suspension) 
and wrap the tube in aluminum foil. Incubate 20 min at 37*C. 

A AddanexcessofcompleteRPMI-5(ix..fintubewitb-12ml)andcentrifugelOmin 
in Sorvafl H-IOOOB rotor at 1200 rpm (300 x g). Discard supernatant and repeat 
wastiing procedure two more times. 

Three washes are crucial, because arty traces cf mitomycin C l^ anong the cells wiU 
reduce proliferative responses when the cells are added to an MW. 
5 Resuspend pellet in compkteW'MI^O. Count ceUs With hemacytometer. Adjok t^ 
' desired concentration as described in the annotation to step 6 of the basic protocoL 

Irradiatioii T^tment 

Prepare a spleen ceU suspension as described in steps 1 to 3 of the basic protocol, at a 
Sconcentradonof5-10xl0«cens/mlincompleteM*MI-10.Usmgaso^ 
^2Z^o or »^Cs Y-inadiator. e.g, Gammacefl 1000. Nordion). debver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most unmunolbgic appUcations employing 
sriin cell s^pensions. However, antigen presentation by spleen cells is 

£nti^yaf£tedlyirTadiation(AshweUetal..l984):atlowdos^ 
^XpSng fi^ti<» of B cells is preserved; after doses of 1100 to 20(X) rad. a 
St^SSline is observed; and doses >2000 rad abolish the partidpation of B cells 
^ATC Macrophages anddendriticcells.ontheotherhand,maintamantogenpresentation 
toou^' of 3000 rad. To ensure that B cells do not participate in the responses 
^^someinvestigatorsprefertousedosesof2000raAHowev«.^^^^ 
S^S«ens can best be measured with stinmlator ceUs that received doses of <1000 
* radsinceBcelkprcsentMijmoreeffectively. Altcmatively.Mfait^^ 

after nritomycin C treatment of stimulator cells, since it also preserves the 
antigen-presentadon iiinction of B cells. 

When transformed cell lines are used as antigen-presenting or accessory cells higher 
loSLi^^eu^^d to ensure blockage of ceU division. TTieapprop^ 

tel^r^ed empirically for each ceU line, but is likely to be at least 5000 rad; some 
ttLXmedceUlinesrequireasmuchasl0.000tol2.000«ad.andmaybemore^^^^ 

to nutonaycin C treatment 
ACnVATlON OF PRIMED T CELLS 

Proliferative responses to vimses. protein antigens, minor trans^antation antigem. and 
Se m^H-Y^gen require in vivo immunization foUowed by m vitro stimulation. 
Furthermore, enhanced proliferative responses to those antigens that wiD pn«=te P"' 
^S^ittoresponses(i.e..MHCantigens)can be obtained bymvivopriming.Multi^^^ 

immunizations usuaUy elevate in vitro responses. 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify m complete Freunds adjuvant (l/^7r^5). ^r 
sttong xUpoDSSS by draining lymph node cells, immunize animals m a hmd footpad. For 
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strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10^ cells that express the antigen. Immunization protocols are described in unitls. 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloring^ocedmcs (UNIT SJ4) mdTcxinhyhn^^ 

Materials 

Complete RPMI-10 medium (AP?£Afl)xy2) 

Responds- ceUs: Purified T cells isolated from lyiiq>h nodes {units s. 1^3.6) of 

in vivo primed mice 
Antigen: 1 mg/ml sterile protein antigen(s) (t/ATT J./3), in PBS or suspension of 

irradiated or mitomycin C-treated stimulator cells expressing alloantigens 

at 8 X 10* cells/ml (unttsai, support protocol) in complete RPMI-10 medium 

(appendix 2) 

Accessory cells: suspension of iaadiated or mitomycin C-4reated (orT cell- 
depleted) spleen cells syngeneic to the req>onding T cells at 5 x 10* cells/ml 
in con:q)lete RPMI-10 medium 

4-ml conical tubes 

96-well flat-bottom microdter plates with lids 
1 Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution saies of the antigens in 4-nil conical tubes, usmg complete 
RPKO-IO. 

The following dilutions are recommended: 100, 10, 1, and OJ fig/ml protein antigens 
(md8,4,ZandlxlO^ cells/nd of stimulator ceUs in complete medium. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 ^il/well for protein 
antigens or 100 ftl/well for cellular antigens. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a microtiter plate will cover the entire tested range. 

4. Add responder T cells in 0.1 ml to each well. 

Purified T cells are recommended: otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T and 
nonr-T) that are not antigen-specific. Ifunfractionated lymph node cells from recently 
primed mice are used add 1-2 x ICP cells per weU and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of tiie responder T cells at 5 x Itf cells 
per well. 

Purified T cells require an exogenous source of accessory nork-T cells. Accessory cells 
function both as antigen-presenting cells and as a source of undefined "second 
signals. "They are not requiredfor cell preparatiorts primed against cellular antigens, 

because accessory cell function is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for T cells from primed mice, it is likely that the response wiUpeak 
atday4or5. 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Dilueni: 

45 ml lOx PBS, pH 7.4 (appenddct) 

3ml0.6MHa 

mmlHjO 

Filter sterilize 

70% Percoll solution: 

63 ml PeicoU (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Final osroolarity should be 310 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function havecertain advantages anddisadvan- 
tages compared to the cytotoxic T lymjAocyte 
(CTL) assay described in um SM or the 
lymphokine production assays in vms3J$A6J, 
Advantages arc that proliferative assays are 
less time-cOTSuming, less labor-intensive, less 
cdl-<:onsuming, and less ejq)ensive than **tnic" 
effector T ccD function assays. A disadvantage 
is tiiat antigen spedfidty is not as easily dm- 
onstrated in proliferative assays as in CIL 
assays, unless antigen-specific clones of pro- 
liferating cdls arc used Furthcraiore, &e pro- 
liferative assay only detects di viding cells in- 
stead of measuring true cffectorTcell function. 

It is not clear whidi T cell function is mea- 
sured in prolifwativc assays; the proliferative 
response should therefore be used solely as 
general indicators of T ceU reactiviQr. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lymphok- 
ine-producing T cells, or nonactivatcd "by- 
stander" cells, and will be severely affected by 
the function of non-T cells such as accessory 
cells (see below). Since the majority of T cells 
respond to and produce IL-2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T cells. Proliferative 
assays tiierefore become more meaningful 
when combined with the lympholdne detection 
assays presented in wots J. is a 6j, Since resporn 
si veness to IL-2 is also determined by the levels 
and functionality of IL-2 receptors, further in- 
formation will be added by including measure- 
ments of IL-2 receirtors (i/wrd/) or by flow 
cytometry (imruy Yet. as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters , - - 

and IVoublesliooting 

Parameters affecting the magnitude of T cell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
tor conditions (0(>2 levd and humidiQr), type 
and concentration of activating agent, Qrpe of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditicms for in<!tividual laboratories and 
e;q>eriments rnust be derived empirically with 
respect to these variables, but general giiide- 
lines are provided below* 

Anumber of agents can be employed in the 
first basic protocol toinduceTceD proliferation 
(Table 3.12,1). T cells may be activated by 
pharmacologic n^ans by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionophore combined with activation of protem 
kinase C with a phoibol ester. The most direct 
means of indudng T cell activaticm involves 
stimulation with monoclonal antibodies that 
interact with the CD3/TCR complex— i.e., 
anti-CD3, anti-TCR-<xP or -1(5, as well as anti- 
VP antibodies that are capable of interacting 
with a subset of cells bearing a specific TCR, 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
enterotoxins. These toxins are often referred to 
as "superantigens" (Marrack and Kappler, 
1989) because they stimulate T cells via the 
variable (V) gene segment of die TCR, Differ- 
ent toxins have affi nities for different chains 
and these specificities make them valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on then- 
ability to bind to MHC class n molecules 0.e., 
responding T cells react witii the toxin/class n 
complex); thus, respcmsivcness varies witii the 
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mouse strain used. Lectins such as phytohe- 
niagglutinin (PHA) and concanavalin A (Con 
A) have been widely used for many yeais to 
activate T cells. Although the precise mecha; 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirecUy 
cross-linking the TCR because TCR-negative 
cells will not respond to these agents. Lastly, it 
is also possible to induce T ceU activation with 
monoclonal antibodies to cell-surface antigens 
other than the TCR; this protocol employs die 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-1 activators (Gunter et 

al., 1984). ...XT * 

When comparing tiie reactivity of different 
cell populations, it is essential to perform dose- 
response assays for responder T cells and acti- 
vating agents and fw both responder and stim- 
ulator T cells (in MLR), since each population 
may yield optimal responses at different cell 

numbers. TOs may reflect differences in fie- 
quency of responding cells, and hence may 
^cate a need to perform limiting dilution 
assays(MwrjJ5). Since peakresponsivenessof 

different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experiments— i.e„ compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need notnec- 
cssarily be due to differences in die frequency 
of responding T cells, but may also indicate 
differences in the efficacy witii which co-stim- 
ulatory activity or "second signals" are deUv- 
ered by die accessory cells jffesent in different 
cell populations. Hie type of interactions per- 
tinwit to the generation of primaiy responses 
by T cells is explained in the commentaries of 
WOTS M SJI 4 3JS. Specific requirements fw 
inducing activation with immobiHzcd antibod- 
ies have been described (Staerz and Bevan, 
1986; Hatbcock et al., 1989; Jenkins et al.. 
1990). A responding cell population com- 
pletely devoid of accesscxy ccUs (such as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness in anMLC, since accessory cell fiinc- 
tion is provided by the stimulator cells; how- 
ever, the same population will generally not 
yield responses when mitogens, antigens, or 
entciotoxins are used. In such a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC). Addition of irradiated or mi- 
tomycin CMreated syngeneic scwrces of acces- 
sory cells (either whole spleen cells or purified 
APC; see first support protocol) can be used to 
lestore responsiveness in purified T cells. Hie 
need for accessory cells can sometimes be 



bypasse(i when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies arc used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenldns et al., 
1990). 

The level of pHJthymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and **cold" thynudine 
released by disintegrating cells will compete 
with incorporation of labeled thynudine. 
Tlicrefore, measuranents of DNA synthesis 
should be accompanied by counting viable 
cells over the length of the culture period if a 
true estimate of cellular prolifnation is to be 
obtained. Of course, cell deafli of nonactivated 
cells will also intarf »e with die accuracy of tiiis 
last parameter. 

The sensitivity of prolif oration assays is 
such that small errors in cell numbers vdll result 
in large differences in pH]thymidine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g.. >5% dif- 
ference in cpm values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessively 
Mgh values may be obt^ned from contami- 
nated wells, as pH]thynu<fine will be incorpo- 
rated into rq)licating bacteria; thcrefofre. it is 
good practice to check the wells from nucroti- 
ter plates under an inverted nucroscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by microscopic examination of ihc cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a general indication 
of successful activation. 

The main problem that may occur with pro- 
liferative response assaysishighlevelsofback- 
ground pH]thynudine incorporation in control 
cultures without antigens. This problem is fre- 
quently due to tiie fetal calf serum (PCS) used 
to supplement the cultures, which may be mi- 
togenic forB cells.Diffcrent lots of PCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in the absence 
of otiier stimuli, and that support strong prolif- 
erative responses upon antigemc stimulation of 
T cells. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistentiy 
better responses in round-bottom plates when 
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thymocytes arc used as rcspondcr cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different ceU numbers than 
in flat-bottom plates and densities wUl have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
RPMI-10 medium, it may be necessary to com- 
pare different media, Tliis need arises when the 
proliferative responses are weak O-C when 
pHlthymidine values fw activated cultures arc 
< 10-fold higher than those f ot control cultures) 
and may occur under various circumstances: 
weak aUoantigenic differences between re- 
sponder and stimulator cells. weakTcell pro- 
liferative function in die respondcr cells 
diminishedAPCfimctioninthestimulatorceUs 
due to experimental manipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contain ahijji 
level of respondingTcells. Frequently. prolif- 
eration can be improved when completcCBcks 
or Dulbeccos media arc used (wiA additives as 
described in appendbc 2), presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible witii 
mouse serum than RPML „r^r^ 
When RPMI is used as medium, 5% CO2 
win be sufficient but for odwr media, a 7^% 
Oh concentration in the incubator will be 
more satisfactory. GeneraUy. the buffering ca- 
. pacityofDMEMisinsufficientat5%,butfinc 
at 7-5%. Much will also dq)end on the prolif- 
erative activity of the responding populationof 
Tcells (e.g.. vigorous prolifemtion will reduce 
the pH in the cultures); it is therefore recom- 
mended to compare responsiveness in initial 
pilot experiments in incubatMS set at different 
CQ2 concentrations. 

The culture period required for stimula- 
tion—after which the ceUs are to be labeled— 
varies for differwit laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eUciting weak responses, such as those 
obtained with thymocytes oraweak alloantige- 
nic difference, wiU require a longer culture 
period (5 to 6 days) tiian those which eUcit a 
higher ftequency of responding T ccUs (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
detemiine the optinial time for T cell prolifer- 



ation. Addition of pH] thymidine on days 2. 3. 
4; 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in the medium. 

Anticipated Results 

Rmt proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cfsn should be obtained; in tiie MLR or follow- 
ing activation witii monoclonal antibodies to 
subpopulatiwis of T cdls (anti-Vp), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpa (widi tigbt stan- 
dard ciTOffs) can be quite satisfactory. Back- 
grcHind values of <1000 cgm should be «- 
pecteA Reported results (as described in step 
9a) should be mean cpm of experimental wells 
minus background cpm (A cpm). 

Time Consideratioiis 

Ibe time required to set up proliferative 
assay s is not mOTC than a day , with die number 
of hours depending on the number of diffimnt 
groups of respondcr cdls that must be prepared. 
The time required for incubation of cells ranges 
from 2 to 6 days, as noted ^ve in critical 
parametMS. Follo)Jwng an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
cells and measuring cpm will require scvaal 
hours depending on the number of plates (-15 
min for harvesting each plate and -100 mdn for 
counting each plate at 1 nun/saiiq>le). 
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LOOKING AHEAD 

Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 

The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



Summary 

Dendritic cells (DCs) provide a much earlier and anUgen-specrfic means for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The -DC advantage" entails a myriad 
of funcUons. DCs are more than an^gen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controliing immunity. Another special 
feature o! DCs is their location and movement in the iKxJy; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life history of DCs are now tieing unraveled in molecular terms. As research on 
DCs expands, more potential functions and more sites for their manipulation are 
becoming apparent. C gOOO Prous Science. AB rights reserved. 



by Ralph M. Siemman 



The focus of immune tfierapcutics 
has been on lymphocytes, the 
cellular mediators of immuniiy, 
and the suppression of lymphocyte 
function. The dmg ciclosporin (cyclo- 
sporine) is an excellcnl and successful 
example. However, inedicinc needs 
therapies that enhance immunity or 
resistance to infections and tumors. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
arc specific to the disease-causing 
stimulus or antigen. In contrast to lym- 
phocytes, dendritic cells (DCs) provide 
a much earlier and anligen-specific 
means for manipulating the immune 
response. DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tumors (reviewed in references 1-3). 

Drug News Pcrspect l.'^iO). JXvciiihcr 2(XX) 



The controlling role of DCs is best 
known for thymus-depcndcnl lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Tabic I). 
DCs were identified in a few laborato- 
ries that were focusing on the induction 
of immunity from resting T cells. It 
was noted that immune tissues (spleen, 
lymph nodes, lymph, biood) had a 
small fracrion of cells with unusual 



"tree-like" w "dendritic" processes. 
These distinctive cells had not been 
recogni/ed previously and they proved 
to have distinct functions. Mast impor- 
tantly, DCs were potent inducers of 
inmnunity even in animals, not just the 
test tube, and now even in patients 
(reviewed in references 1-3). 

The DC field was held back by the 
fact that there wcvc so few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



o Rejection of organ transplants ar>d graft-vs-^iost dteease in bone marrow transplantation 

o Resistance to many infections including vaccine design 

o Vaccines against tumors and immune therapies tor existing tumors 

o Allergy 

o Smmune diseases like insulinKlependent QuvenUe) diabetes, multiple sclerosis, 
rheumatoid arthritis and psoriasis 
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Fto 1 A key function of dendritic cells. Antigens within tumors. ^^^"^^JJ^^^^^^ 
^te leS^tolTpresented by DCs to become immunogens. i.e.. to make Tcelis begin to 
g^ and exhibit their helper and Idlier functions. 



to other players in the infimune system 
such as B cells. T cells and 
macrophages. In reality, DCs arc quite 
abundant fw the job they have to do, 
namely, to iniUate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout the T ceU-rich regions and 
physically oumumber any given anti- 
gen-reactive T cell by at least 100 to 1 . 
The DC field was also held back 
because many thought thai the cells 
were no different from macrophages, 
thus keeping investigators from work- 
ing on the active DCs. In reality. DCs 
were identified on the basis of pro- 
found dilTerences from macrophages, 
and their many disdnct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
micmbcs and tumors, but instead rec- 
ognize fragmented or processed pro- 
teins, that is. peptides. The processing 
of pmlein antigens into peptides txxurs 
within cells, and then the peptides are 
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displayed or presented jal the cell sur- 
face affixed to products of the major 
hist<KX)mpatibility complex (MHC). 
Hie ensuing interaction between a T- 
cell reccptCM* (ICR) and its specific 
MHC-peptidc complex allovire a T cell 
to detect peptides formed within cells 
in transplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
stances recognized by the immune sys- 
tem, while 'immunogens" refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunogens arr 
not one and the same (Rg. I). Even 
prepmccssed peptides and MHC-pep- 
tide complexes arc weak immunogens. 
This was evident eariy on in the work 
of Peter Medawar. the great scientist 
who discovered the immune basis of 
traasplanuuion. He spent many years 
trying to purify functioning transplan- 
tation antigens. These cflbrts were to 
little avail. 

What was not known in Medawar's 
time is that uansplanlalion antigens 



(later shown to be MHC-peptide conr 
plexcs) become immunogenic when 
presented by DCs."^ In other words, 
iTdnsplantation antigens when present- 
ed on many cell types are weak 
inununogens, but on DCs they become 
powerful inducers of immunity."* The h| 
same is true of peptides that become ®^ 
much more immunogenic when pre- 
sented on DCs. DCs activate T cells by SI 
getting them to divide and express their |yl 
helper and killer functions. Then the 
activated T cells interact with other, 
antigen-presenting cells to eliminate 
the antigen in question. DCs are also' 
called "nature's adjuvant," because 
prior adjuvants were artificial sub- 19| 
stances used to enhance immunity. ITic 
DC advantage entails a myriad of func- 
tions, some of which will be consid- p-j 
. ered below. jW 

Potency of dendritic cells 

in Miatiinig ommunii^ [B 

m iisBUB cyltair© ™ 

What are some specific features of 
DCs that warrant attention? The first is 
their potency, Vi&ry small numbers of 
DCs are sufficient to trigger stn)ng T- 
cell resptxises in test tubes. Immune 
assays are generally carried out with H 
impure antigen-presenting cells, 1-^ 
applied at a dose of one presenting cell 
tor every T cell, the latter often prcac- K| 
tivated. In contrast roughly one DCl [^1 
per 30-100 T cells is more than suffi- 
cient to induce optimal responses,— 
including responses by resting T cells. |B| 
A single DC can simultaneously sicli- ^ 
vate 10-20 T cells nestied within its 
sheet-like processes. Therefore, IXJs 
are more than antigen-presenting cells; 
Uiey are accessories or adjuvants or 
catalysts for triggering and conuolling ~ 
immunity, W 

It has always been clear that the 
acces.sory function of DCs did not 
depend exclusively on their capacity to 
process antigens u> form MHC-pep- 
tidc complexes. This is becau.sc ihc 
stimuli thai were used to define ihc 
f>otency and immune-activating n>lc of 
DCs did not rcquire that the IX's 
process an applied antigen. Such stim- 
uli included major transplantation anti- 
gens, mitogens, contact allergens, anti- 
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T-cell antibodies and supcraniigens. 
Furthermore, once resting T cells were 
activated by DCs, the T cells respond- 
ed vigomusly to antigens presented by 
other cell types, shovving that the latter 
were not deficient in forming ligands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

The word "accessory" has since 
been replaced by the terms '^fes- 
sional" and **co.stimulatory," but the 
basic concept is unchanged by shifting 
terminology. T cells need stimuli other 
Uian their specific trigger or ligand 
(MHC-peptide coiTiple>^es) to begin to 
grow and function, for example, to pro- 
duce the interieukins and killer mole- 
cules mentioned above. DCs are potent 
in pix>viding the needed accessory or 
co-stimulaiory functions. For example, 
DCs produce an adhesion molecule 
called EXT-STGN that binds to a taigel 
on resting T cells called ICAM-3,* and 
DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
binds to CD28 on resting T cells.*^ 
These arc but two examples of the spe- 
cialized activities of DCs. These cells 
do not operate as a single magic bullet. 

[ PosDtioin oif demidliriitic cellis 
in v#V«3> 

Ant)ther special feature of DCs Is 
their location and movement in the 
body. As criteria were developed to 
Identify DCs, it became feasible to go 
1 back into the animal and patient to look 
I for the corresponding ceils in different 
dssues. DCs are stationed at surfaces 
I where antigens gain access to the body 
(Fig. 2, left). The skin and the airway 
have been the best studied. DCs arc 
found in afferent lymphatic vessels, 
[special channels that allow cells to 
1 move from peripheral tissues to lym- 
phoid organs, primarily the T-cell areas 
i (Fig. 2. middle and right). This migra- 
I lion is mast readily observed in models 
of skin transplantation and contact 
allergy, which are the two most fiower- 
ful immune responses known. 

DC migration is likely to be very 
I important. The body's poo! of T cells 
I primarily traflics thmugh the T-cell 
areas of lymph nodes, rather than 
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Ffig. 2. Distribution of dendritic ceUs kt situ, DCs at body surfaces and in soSd organs can 
pick VP antigens, move to the lynphwl tissues to find antigen-specific T cells and Initiate 
snmunity. Moiecuiar mechanisms are being uncovered that govern the mobilization, matu- 
ration, migiHtion arxJ mortality of these DCs. In the lymph node. T lymphocyles are seted- 
ed for expansion and differentiation into helper and WHer T ceils. The activated T cells then 
leave the lymph node to return to the body surface or peripheral organ to elirr^ate the anti- 
gen. 



through tissues where anligcrus arc usu- 
ally deposited. So when DCs capture 
antigeas in ihc skin, airway or another 
peripheral tissue, their migration to the 
T-ccU aicas gives ihcm a chance to 
select the corresponding rare speciflc T 
cells from the assembled repertoire 
(Fig. 2). The selected T cells then 
increase in numbcTN (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very .small. Only one in 
10,000-100,000 of Tcells in the reper- 
toire resptHids to a specific MHC-pep- 
tide complex. Therefore, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in tfie periphery and then 
initiate the immune rcspt>nse from rare 
T-cell clones in lymphoid organs. 

The events that make up the life 
history of DCs (Figs. 2 and 3) are now 
being unraveled in molecular terms. 
For example, scicnti.sLs arc figuring out 
how to expand antigen-capturing pre- 
cunion; to DCs using 1113 ligand and 
granulocyte colony-stimulating fector 
(G-CSF). Key players for the mobi^ 
lization of DCs from the periphery to 
lymph nodes arc the multidrug resis- 
tance receptor?;, usuaiHy studied, for 
their capacity to mediate resistance to 
chemothcrapcutic agents rather- than 



movement of DCs* Migration of DCs 
is controlled by chcnpokines produced 
in the lymphatic vessels and lymphoid 
organs (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of die tunnor necnisis 
factor (TNF) and TNF-receptor fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrieukin- 1 2. The TNF 
family also maintains DC viabDity. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating immunity. 

PHmoog o? T-ceU iimmunaty 
via deendiritlc cellis 

Animal studies 

During the eariy research on DCs, 
several labs administered antigens to 
experinrkcntal animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle, 
skin, intestine and airway), DCs were 
the major reservoir of immunogen. 
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Next, DCs were used as. nature's 
adjuvant to immunize animals. The 
DCs were t^en from mice or rats, 
exposed to antigens ex vivo and injart- 
ed back into immunologically naive 
recipienis. The animals became immu- 
nized to the antigens that had been cap- 
tured by the DCs, and the immuniza- 
tion took place in die lymph nodes 
draining the site of DCinj^Uor. 

C3cnetic proof was provided that the 
DCs were priming the animal directiy 
and not simply handing off their anti- 
gai to other cells." 

DC-based immunization is really ] ^ „, Ho^jrife ceils as adjuvants for enhancing Immunity to tumors and infeo- IS] 

vcrydifferentfixjmallprioraltempLssa 

11 therapy Immunology has had nous agerts in humans. «^»s n«w ^ — thfln^cursorsdavetoo ex »wo fin relative- 
extensive experience with •;passive 
immunization," whereby a recipient is 
given laige numbers of cells that are 
TcUvated prior to injection. It is hard to 
produce such laige numbers of cells, 
knd their litespan, diversity and effica- 
cv aiTJ all finite. In contrast, when rela- 
tively small numbers of antigen- 
charged DCs are used to induce 
immunity, this produces "acrive immu- 
nizalion." Now the animals (and 
patients, see below) can make the.r 
own diverse and longer lasting 
immune re.spon.se to the antigen-bear- 
ing DCs. 

Human Studies 

The above experiments made it 
clear that DCs, pulsed ex viw with 
antigens, actively 

and raised the cxciimg possibility that 
scientistswouldbeabletoinduceresus- ccrn»..«v*- 




tois aoerts in humans. The -^'""^"^^^-^^ W ex relative- ' 

precursors trom the patien^ "^uaOy 1«m Wo«l^^^ ^ 

re^iS'^«heret>y?«is.ancetothed«ea^ | 



tance to tumors, infections and trans- 
plants in patients. For example, could 
one expose patients' DCs ex vivo to 
antigens in their tumors and then rein- 
fu.se the antigen-bearing DCs to elicit 
tumor-specific immunity (Fig. 4)?This 
appitiach is actually not terribly com- 
plicated, but one first had to overcome 
a major obstacle and Icam to generate 
lai^e numbers of DCs. The.sc tech- 
niques became available in the 1990s. 
They have energized the field and. 
accordingly, clinical trials- for the 
immunization of humans again.st can- 
cer have begun on most cimtinents. 



It is evident that DCs can serve as pi 
adjuvants for humans, converting anti- 
gens into immunogens.' '" Even in_^ 
advanced cancer, immune responses p|] 
already have been observed that are''^ 
similar to or belter than immune 
responses obtained with other ||j 
approaches. However, this approach ispJ 
still in its preliminary stages, since a 
good deal of science remains W r-^ 
developed. On the one hand, there arc |ij 
critical unknowns in tcim.s of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have over- pj 
kwkcd key features that ctwld improve U 
IX: function, such as the need for DC:s 
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10 be sufficienily mature (see below) to 

be effective in vivo. Also, DC biology 
. has to be placed in the context of spc- 
icific tumors and pathogens and 

patients for DC-based therapies to be 

optimized. 

To summarize and further illustrate 
the role of DCs in the context of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma, or for a vims like HIV-I 
v/hose genetic sequence has been 
available for more than 15 years. 
However, this knowledge about anti- 
gens from melanoma and HIV- 1 anti- 
gens remains to be converted into 
methods that provide better immuno- 
gens either for immune therapy of 
melanoma or for the design of HIV-1 
vaccines. This is because some impor- 
tant facts of immunological life are 
being overlooked. When antigens are 
injected, they also need to gain access 
to the right DCs to become immuno- 
gens(Fig- I). 



rinfec- 
of DC 
jlative- 
stime. 
•nfused 




Hto deimdriiilic ceJIs 
Broadly speaking, a central goal is 
to learn how to deliver or ^target" anti- 

Hgens to DCs and simultaneously to dif- 
feientiatc or "mature" the cells to their 
most potent state. These two chal- 
lenges, antigen targeting and DC mat- 
uration, prove to be intertwined. 

Targeting means that the antigen 
should be in a form that the DCs can 
recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-p^tide com- 
plexes is suboptimal. DCs have a num- 
ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (T^le 11). 
For example, DCs have a receptor 
called DEC-205 virhose binding part- 
ners or ligands arc still unknown. 
Nonetheless, it is clear that DEC-205 
greatly increases the capacity of DCs 
U) form MHC-i)eptide complexes." 
DCs also carry out a fascinating 
nprovePW process called "cross-presentation." 
jr DCs DCs can take up dying cdh and effi- 



TABLE H- DENDRITrC CELL SPECIALIZATION TO INCREASE MHC-PEPTIDE 
COMPLEX TORMATIOM . 

0 Receptors for antigen uptake, e.g.. DEC-205 

o Processing of dying cells, nonrepUcating miaobes and immune complexes onto MHC dass 

I f cross-presentation-) 
o Regulation of antigen processing by maturation stimuH 
o Clustering of t-cell receptor ligands with cxystimulators like CD86 



ciently extract peptides from them, so 
antigens "cross" from the dying cell to 
the DC. The discoverers of this phe- 
nomenon called it "resurrecting the 
dead/"^ Cross-presentation allows 
DCs to efficiently fonn MHC-i>cptide 
complexes from dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailm- a pro- 
tein antigen, as well as the proteins in 
a complex microhc or tumor cell, into 
pejrtides that bind to an individual's 
MHC products. The latter are excep- 
tionally polymoiphic, differing geneti- 
cally from one individual to another: 
As a result, the relevant immunizing 
peptides differ from one individual to 
another. One reason why peptides are 
not ideal immunpgens is that they must 
be individualized. DCs, in contrast, can 
c^uie antigens with high effici^icy 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory or co-stimulatory properties 
for converting the selected peptides 
(^'antigens") into effective immuno- 
gens. A third DC advantage is that 
these celLs position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
viw (Fig. 2). DCs thus overcome many 
of the difTtcult obstacles in initiating 
immunity. 

In order for an antigen to be a 
strong immunogcn, one needs to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DCs (Rg. 3). 
Most Da in the body are in an inima- 
ture state and lack many features that 
lead to a strong T-cell response. 



Immature DCs for example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Inunature DCs also lack a chemokine 
receptor called CCR7 that seems very 
important for proper nrtigration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely lhat tumors provide matura- 
tion stimuli. Tumors may even block 
IX; maturaUon induced by other stim- 
uli. Tterefore it is important to learn 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- , 
live antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table II).* Immature 
DCs take up antigens, but tfiey do not 
make abundant MHC-iJefHide com- 
plexes until they receive a maturation 
stimulus.'^'** Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 actually travels togedier widi the 
TCR ligands to the surface of the. DCs. 
At the DC surface, the MHC molecules 
and CD86 remain clustered with each 
oth^, keeping the machinery for T-cell 
activation juxtapo.sed. This phenome- 
non will help explain the potent^ of 
DCs, because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Cornftiroll poDUiUs Ibeyomtd 

maHuira^iioini DCs 

Research on DCs is moving more 
vigorously, becaitse the cells are nraore 
readily available and because their role 
in the immune system is considered 
essential. Nonetheless, researchers in 
this field are just beginning to find 
ways to manipulate DCs in situ. 
Puuing together an antigen that targets 
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to DCs with a slimulus for DC malura- 
tion will be a major step in improving 
the conveniion of antigens mto 
immunogcns, as in immune-based 
therapies against tumors and infcclious 
agents. 

Additional challenges and qucs; 
tions are evident: 

o How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

oCan DCs induce strong immune 
memory to make vaccination long 
lasting and efTcctive (we have only 
been reviewing the role of DCs mthe 
initiation of immunity)? 

o Can DCs change the quality of the 
immune response? "QuaHly" refers 
to recent evidence for different types 
of ECs especially a subset that 
induces ThI-type T cells for resis- 
tance to infectious agents and strong 
memory. 

o Is it possible to nwve beyond DC- 
based immunization expenments 
and use DCs to either regulate or 
tolerize die immune system, as fre- 
quently lequired in transplantation 
and autoimmune diseases? 

o Can DCs influence elements of the 
immune system other than T cells; 
for example. B cells and die innate 
defenses provided by natural kUler 
(NK)andNK-TcelUi? 

The answer to all these questions is 
a preliminary "yes" As research on 
DCs expands, more potential functioas 
and more sites for their manipulation 
are becoming apparent 

Dendritic cells and beWer 
control off disease 

DCs provide important avenues for 
the investigation of human disca.se. 
Many labs arc exploiting DCs to iden- 
tify antigens relevant for immumly 
against human pathogens. In these 
experiments, one introduces complex 
but clinically important anugens to 
DCs and then identifies which compo- 
nents are best presented to the immune 
Licm. We have recently used this 
approach lo identify previously un- 



known immune responses lo the 
Epstein-Barr virus." a virus we all 
carry that has the potential lo cause 
cancer like Hodgkin's lymphoma. 
Other labonitories have been using 
DCs to identify new antigens in other 
infectious agents, in min-splants and in 
cancers like melanoma. 

Investigatore are also manipulating 
DCs ex vivo and *en reinfiising the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active inimu- 
nization against cancer is being vigor- 
ously puRued, as mentioned above. 
Instead of manipulating DCs ex vivo, a 
mi>rc desirable goal would be able to 
alter DCs directly in silu. Some 
appioaches arc under way. An example 
is the injection of cyt(*incs like nt3 
ligand and G-CSF to mobilize various 
pnjcursof populatitiris of DCs. One 
.should also develop methods to control 
DC iTJObilization. migration and matu- 
ration. In sum. DCs are allowing sci- 
entists to overcome a long-standing 
obstacle to research in immunology by 
extending die playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ea.se. 
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Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor 

Nionio 

Communicated by John J. Bum*. Febrmiy 4. 1991 

AB«!TRACT Cytotoxic lymphocyte maturation toctor 
fcSitoa dls«mde*ond«l l«t«odlmerk IJ™P»«*«« 
S^SfLVg««rlh factor for .ctlfalrf T cdb todep«uteit of 

^ of tatwiwkln 2 to tadw* lymphokine^valed killer 
Sw.twSS^thedo..log.-d^ 
rrMF mibuatt cDNAs from a lymphoblastoid B<dl Ito^ 

„«;/i«tots whose rnRNA* are coorflnatdy Induced upoj. 
ISX.rfNC.37 «I1». Co«q.ressloo '>*0>ei'^j«^ 

ri MF- cos cells transfected with either subnnttdJNA 
!^Si2'«««rMo-cllve CLME. Recomblmmt CLMF 

^^hta^TWal CLMF, mid it. «:tivitle5 am be 

SKX.thbh«t.««lta«ricproteindbpl-y»»hepn^ 
^taterienkto, we propose that CLMF be given the derig- 
nation interleiddn U. 

The molecular cloning and expressiwi of recombinant cyto- 
hMn^e po^^le bo* significant advances in our 
^r.t!nH^<rf the molecular basis of immune responses 
L tKleToplSTt oTnew appn>aches to U>e tn«tm«.t ^ 
dSa« states As an example, recombimmt mterieukin 2 
Sbtont IL.2) has been shown to be capable of causmg 
SioTSf ««bU»hed tumors in both f "P^™*"^^- 
m^(l) and in man (2); however, its cliucal use has been 
^^ScSuTwith significant toxicity (2). One potentm^ ap- 
prStt^impraving the therapeutic "fi^ty "f r«orab..B^^^ 
^wt^nes is to use them in combination 0, 4). With this 
Z^S^l nS^i^^^i'^^'^ a search for novel cytoldnes 
wou^d syne^ze with suboptimal concentrattons of re- 
Sit lTS activate cytotoxic lymphocyte, in vUro 
Md thus might have syneigistic immunocnhanar« elferts 
Xn «iSte«d together with recombinant IL.2 in v.w^ 
Ss led to the identification of a factor, designated cytotowc 
ZotocSe maturation factor (CLMF), that synergired wiU> 
SKtm-5tofi«ilitatethegeDe,aUonofbothcytolyt^ 
rwmph«ytes (CTLs) and lymphokine-activated kUler 
JlMcSSvL (5. 6). CLMF ^ 
irJUmnMiieitv from 8 human lymphoblastoid B-ceU Une 
SS^'^d ^^^^^^ 10 be a 75.kDa dhuffidc-bomW 
hcicwdxmcT composed of two subuniU with molecular 
iiS^ 3 40 klTand 35 kDa C7).l^We "ow report the 
molecular cloning and expression of CLMF. 

T»« Mibikation CMtt of this artWc were defa 
I^JiSStoT^SS^ must therefore be hereby mrted -OvertUenunt- 
^'^^^V^ U.S.C 91734 «>kJy to indicate thu fed. 



MATERIALS AND METHODS 

cDNA OoDlng. A subUnc of NC-37 ccUs selected for its 
abiUty to produce high levels of CLMF (7), NC-37.98, was 
induced with phofbol 12-myristatc 13-acetate (PMA) and 
calcium ionophore A23187 for 16 hr. Poly(A)+ RNA was 
isolated, and random hexamer-primed cDNA libraries were 
established in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PGR) using controlled 
ramp tiroes (8) was performed as follows. PGR primers 
contained aU possible codons and were 14 or 15 nudeotides 
long (Fig. 1) with a 5' extension of 9 nucleotides contaiwng 
an £coRI site for subcloning. Degeneracies varied from 1 in 
32 to 1 in 4096; 0,5-4 pmol per permutation <rf forward and 
reverse primer was used in a 50^ to 100-/il PGR mixture with 
40 ng of cDNA made from NC-37.98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa subunit) or with 
3agofhumangenomicDNA(35-kDa8ubumt),PCRcych2g 
piimetcrs were as follows. Initial dcnaturation was at 95^ 
for 7 min. Low-stringency annealing was pcrfonned by 
cooling to 37K; over 2 min, incubating 2 min at yrC, heating 
to 72^ over 2.5 min, extending at 7rC IJ min. heaxh« 
to 95*C over 1 min, and denaturing at 95H: for 1 mm. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 siandanl cycles (35-kDa subunit) were pa- 
fonned as follows: 95^ for 1 55^/0^ 2 mm. and 7rC 
for 2 min. Final extension was at 72^ for 10 nun, Amph- 
cons" of the expected size were gel-purified, subcloned, and 
sequenced. TTie 40-kDa subunit cDNAs were isolated by 

M Naa/0.015 M sodium citrate, pH 7) contaming 20% 
fonnamidc a ITQ ovcmi^t. Filters were ^cdin 2 x SSC 
at 42*C for 30 min and exposed to x-ray fUm. The 35.kDa 
su1)unit cDNAs were isolated by hybridi^ the 51-nwr 
amplicon in 5x SSC/20% formamidc at 3T*C overmghl. Hie 
filters were washed in 2x SSC at 40^ for 30 min and exposed 
to x-ray film. Positive clones were plaque-punfied, their 
inserts were, subcloned into the pBhiescript plasmid, and 
tiieir sequences were determined by using Sequcnasc. 

Expresaoa* cDNAs were separately engineered for expres- 
sion & vectors containing tiie simian virus 40 eariy promoior 
essentially as described (?). COS cells were transfected witii 
both CLMF subunit expression plasmids nuxed together or 

Abbreviations: CLMF. cytotoxic lymphocyte ^^f^^^'^^^* 
rf:uSF^nCLMF, ;ccombinant and namnU CLMFs; CTL, cy- 
^\^T^t^^\ IL» intcrieukin; LAK. lympholane^ictivat|«J 
^J^^^^i^^t^'^ PMA.^pborboll2-myristatc 13- 
Sc: n. A, '^CR, polymo^ 
tTo whom reprint requests should be addressed. 

the Genbank data base [accession nos, M38443 Q3-klia CLM** 
SbimS) «Id M38444 (40^d>a CLMF subunil)]. 
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51 KLQKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCU.SR 

101 ETSFITNGSC lASKKTSHlK AIXLSSIVED UOCYQVEFKT HNAKUiQFK 

151 RQIFWL AVIDEWQAL NFNSETVPQK SSLEEPOm TKIICLCILLH 

201 AFRIRAVTID RVTSYLNAS 



1 HCHQQLVISW FSLVJrLAiti- 

51 DTPEEDGITW TLDQSSEVLG 

101 LLLLHKKEDG IWSTDIIXDQ 

151 DLTFSVKSSR GSSDFQGVTC 

201 AAEESLPIEV KVDAVHKliOr 

251 QVEVSWEYPD TWSTPHSYFS 

301 BKNASISVRA QDRYYSSSWS 



^IWELKKDV 



SGKTLTIQVK 
REPKNKTFLR 
GAATLSAERV 
ENYTSSFFIR 
LTFCVQVQGK 
EWASVPCS 



YWELDWYPD 
EFGDAGQYTC 
CEAKNYSG^lF 
RGDNKEYEYS 
DIIKPDPPKN 
SKREKKDRVF 



APGEMWLTC 
HKGGEVLSHS 
TCWW-TTIST 
VECQEDSACP 
LQLKPLKNSR 
TDKTSATVIC 



X is anotnw Bnuno scni^ « * 
ctf amplificatioa 



u r*.T«niirfv by the DEAE-dcxtran method, 
S'enXXS? 'uicction. the sf.yn«onU»nh« 
n^df^. WM replaced with medium contaimng 1% Nu^* 
S^^ ffloe^Sger Mannheim), and supernatant flurfs 
w«2LSS'thecuItu«srfler40hr.Theseflu.d,were 

. HT nnti1 tested in the bioassays. 

M^ifc Sdard molecular biological proce- 
du^^re «St described (10). CLMF bioassays were 
perfonned ^^^^^^ National Biomedical Research 

SE(RdeaJ»<^d 24A respectively) were sear^ 

rniSSoTdTKi'brea. penalty of 6; see «f. 
11). 

RESULTS 

Partial N-terminal amino acid sequences of the two CLMF 
iSts (TVwere used to generate completely defined 51- to 
SSS oligonucleotide P«*f»by means 

•-iilw^M^PCR These probes were used to screen cDNA 
nuxed P"'"^,^^!?^ from activated NC-37.98 cells, and 
^X'^^S^tiX^^ were isolated and char- 

H"Sf3iaT.sss^^^ 

KS?Lws?S»d " 34.699) and contains.lO 
2«.^«rid!c8 md four potential N^inked glycosylation 
S« ^« n ^ of ttese^tes are within isolated iiyp^ 
' «?irf«dirivedftom the purified 40-kDa CLMF subunit 



222 is glycosylated, whereas Asn-llS is not (F*!: ^■ 
PodlasW. personal communication). The ™^«J5-I^ 
unitis composed of 197 amino acids (calcu latoJ Mr= p^l3). 

7 VysSnTiesidues and three potential N-Unked glyco- 
Son S^tts (Fig. 1). When purified CLMF is reduced witt 
2-l.^S^^olaiKl analyzed by SDS/PAGE.th^^^^^^ 
subunit appears to be heterogeneous. s«8»est«W *at it may 
b* beav^ g^sytotcd C7). Two variants of 35-kDa subumt- 
cSc^ing SwAs were Isolated. Tte first type had Uie 
sequent shown in Fig. 1. Additional ««latescontaned what 
is probably an allelic variation, replacuig Thr-213 witii a 

"'^S'tySSes of sequence databases showed that the 
amino acid sequences of the two subunits are not rdated to 
any known protein. The subunit sequences are also not 
reUted to each other, since a comparison usmg the mjon 

(11) gave a score of 1.27; only scores >3 are 
ionsWered to indicate significant evolutionary relationship 
02) The genes encoding Uie subunits appear to \» unique. 
s 2i low:and high-stringency hybridizations of genomic 
bloU revealed identical banding patterns (data not shown). 
5Sa blots showed the size of the 40-kpa subumt mlWA to 
hf 2 4 kb whereas the 35-kDa subunit was encoded by a 
JVkb SiiS^ig. 2). Expression of the two mRNAs 
encoding the subunits was coordinately regulated upon in- 
duSri. 2). When NC-37.98 cells were acuvrted with 
PlKid (Scium ionophore for 72 hr, mRNA encoding each 
Jflre^MF subuniU was minimaUy def^tableat 6 hr^r 
Se beginning of induction but was readUy detected at 24 hr 
continued to accumulate until maximid levels were 
?^h^ iThr (normalized to OAPDH leve »: see 

STlewnd to Fig. 2). In contrast, the mRNA for IL-2 in 
a^vItodNC-37^ cells was already at high levels at 6 hr and 
SSlentiy decreased, whereas the mRNAs for tiie low- 
SS nl.2 wtor (p55) followed tite induction pa^ 
seen for tiie CLMF subunits. Scanmng of RNA blots also 

Xt sJwSy-state mRNA levels for tiie 4WcDa 
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t oxjA Mots showing the coiw^inate induction of the 
»<^'Si ?i> i^D^(«CLMF .ubunit mRNAs and IW mRNA 
?^d^i^5^tor mRNA (£»). Poly(A)* RNA (SjO from 
NC « 98 ««. with 10 ng of PMA and 25 n« of cAium 

Ir ml were loaded in each lane. Lane* «fom lefl 
'*^J^^^.hSwRNA8 isolated 6. 24.30, 48. and 72torf^ 

indncuon. '«»P*^™^'5o«i after striwing and ftbybridJiation 

CLMF subunit were scveralfoW higher than those for the 
,r,^ .fcnnif exnressed by tte same ceUs. This finding 
^^'■^l/Se SsSn uJactivated NC-37 cells secrete 
frS 4?SSbumt protein f7). TJe 3' u„tnu»laj^ 
excess ircc CLMF subunit mRNAs contain several 

'"^^thl S^SiSWif TTATTTAT (data not dK,wn). 
SS? lilcTu^iit in other transientfy expressed 
^bmI^^ U i^vo^^to regukting mRNA stabiUty (13). 
•^w^sion of Sr4(WcE* uhI 3J-kDa CLMF subu^ 
.m^tfSf cM cells w«$ required to generate secreted 
SicX «Uve CLMF fTable 1 and Fig. 3). COS cejk 
S^^^S cDNA encoding either the dO-kDa subumt 
M kDa subunit alone did not secrete biologically 

Tabic 1. Cocxpresskro of both CLMF subunh 
acUve CLMF by COS ceUa 
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cells that had been separately transfcctcd with one or the 
other of the two CLMF subunit cDN As also did not give rise 
to bioactive CLMF (Table 1). 

Two types of assays were used to compare rCLMF and 
nCLMF. The first assay measures the proliferation of phy* 
tohemaggiutinin (PHA)-activatcd humim peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ergy between CLMF and suboptinxal concentrations of IL-2 
in the generation of LAK cells in hydrocortisonc<ontaining 
cultures (7). The data in Fig< 3 show that rCLMF as expressed 
in COS cells and nCLMF as purified from NC-37 ccUs arc 
cssentiaUy identical. Dose-response curves for rCLMF and 
nOUMF were superimposable in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock- 
minsfectcd COS cells displayed no activity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

In a previous report (7), we described the piirification of a 
hcteiodlmeric cytokine, CLMF, that sywrgiwd with low 
amounts of IL-2 to cause the generation <rf LAK cells m the 
presence of hydrocortisone and stimulated the prolifcraUon 
of activated T cells independent of IL-2, In the prcsait 
report we have used the N-tcrminal amino acid sequence 
informaUon previously obtained to clone the ^*jo subunit 
cDNAs of CLMF, Protein purification of NC-37 ceU Ime- 
derived CLMF bad shown that the protein was composed <tf 
two disulfide-bondcd subunits with different N-terminal 
amino acid sequences (7). However, it was not clear torn our 
orevious results whether the two subunits were proc«s«i 
from one common gene product and whether proteolyttc 
postuanslational processing other than signal peptide deav- 
^e was occurring. The molecular cloning and sequencing itf 

cDN Ai is required for secretion of biologically 



Addition 



Coitc,. 
units/ml 



Dilution 



C'HlThynudine 
incorpomedby 
PHA-acttvated 
lymphoblasts, mean 
cpm ± 1 SEM 



Cytokine* 
None 
nCLMF 
nCLMF 
nCLMF 
dCLMF 

Culture fluid ftom CXyS cells iransfected with 

A. 35-kDa CLMF subunit cDNA 

B. 40-kDa CLMF subunit cDNA 

C. + 40-kDa CLMF subunit cDNAs 
1:1 mix of culture fluids A and B 

CM from mock-tiBnsfcctcd control* 



200 




40 




8 




L6 






1:20 




1:100 




1:20 




1:100 




1:20 




1:100 




1:10^ 




1:30 




1:20 




1:100 



11.744 ± 514 
68,848 ±878 
48,827^605 
26,828 ±594 
17.941 ± 196 

11,912 ± 660 
10,876 ± 232 
11,699 ± 931 
11,666 ± 469 
58,613 ± 587 
38,361 ± 828 
11^ ±483 
10,503 ±259 
11^ ± 286 
10,751 ±303 
- cell* \ 



dJ^M (7). LymplK*tet proUfcr^ 
Cone., concentration. 

»oCLMF U purified NC.37-derivcd CLMF. . ^ eauivalent to a 1:20 final dUuti<m of each 

ti io dilution of the 1:1 imxttire of culture fluids A and B was equivaicni w 
the iodividual culture fluids. ms ceiu 

♦SowSuoned medium (CM) from cultures of mock traiwfccted COS cells. 
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5 15 45 

Cytokiiie» units/ml 




CXMF, units/ml 



^;^y^i^ct CLMF to stimulate the prriifendjon of 
^!^^^k«i<7t CLMF urenaratioiis were mwed with neutraloing tsl 

:SSS3SXSru.do,«i^)atj^ 

20 u« of IgO/ml and were incubated for 30 mm at JTC pnor to 
^U^rfPai' SLu. AD values are 

^rJ/^rt LAK cell inductkm assay. The abitey of CLMF, alone 

cdi« m 4Hlav cultuies was assessed 8S descnljcd C7). 

^SSS^^Sui^ symbols) or without (open 

Sls)1^^ 7J units/ml. Units of CLMF activity 

J^^^iS^ tiuations in the T<dl growth fector assay. 

SSSTrfO^^ ^^"^ ^ endogenous cytokine 

^j^rf5:l. TTicdaUshownrep^^ 
Strnninatk)M. The spootancous 
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the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subunits; rather, 
they are encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units arc strikingly similar; differences in predicted versus 
actual molecular weights are accounted for by glycosylation 
(F Podlaski, personal communication). Thus, the only m^or 
po'sttianslational proteolytic event that ^pcars to take place 
in the maturation of the CLMF subunits is signal pepude 

cleavage* i_ ■ < 

The kinetics of expression of the individual CLMF subumt 
mRN As were examined and compared to the expression of 
mRN As for IL-2 and the 11^2 receptor p55. Previously it had 
been observed that NC-37 cells, like certain munne (14) and 
marmoset (15) B-ceU Uncs, secreted IL-2 when activated 
OA KG unpublished results). RN A blots demonstrated that 
up<^n kctivation of NCO? ceUs, both CLMF subumt mRNAs 
were coordinately induced with kinetics sunilar to the IL-2 
receptor (p55) mRNAs. On the other hand, IL-2 mRNA 
levels peaked much'eariier. Similar differences m mduction 
kinetics were also seen at the level of IL-2 and CLMF 
bioacUvity secreted from NC-37 ceUs (M.K.O., unpublished 
dau) These kinetic differences are consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse. lL-2 appears to act earlier than CLMF (5). 

Transfection studies with COS cells established that only 
cocxprcssion of both subumt cDN As gives rise to secreted 
bioactive CLMF. Thus, it appears that the two proteins have 
to interact within the endoplasmic reticuhim to assemble 
oroDcriy into bioactive secreted CLMF. By comparing the 
actiWty V iCLMF to that of nCLMF in the T-cell growth 
factor and LAK ceU induction assays (Fig. 3) and assuming 
that the specific activity of iCLMF is similar to that <tf 
nCLMF [8 x 10^ units/mg C7)], we estimate that the amount 
of rCLMF heterodirocr produced in these expenmcnts was 
5-50 ng/ml. Tlie finding that COS cells, whi^ are fibroblast- 
like ceils, are able to assemble correcUy the two CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of Uic lymphoid 

^"western blot analysis using an anti<:LMF antibody spe- 
cific for the 4(WcDa subunit has allowed confirmation that (0 
COS cells transfected with both CLMF subunit cDNAs 
secrete CLMF with the expected heterodimcric structure and 
iii) COS cells transfected wiUi the 40-kDa subumt cDNA 
alone secrete that subunit (F. Podlaski, personal conununi- 
cation). Since no bioactivity was detected in media condi- 
tioned by COS cells transfected witii only the 40-kDa subumt . 
that subunit by itself appears either to have a much educed 
specific activity compared with heterodimenc CLMF or to be 
completely inactive. 

Because of Uie lack ctf a high-affimty anUbody specific for 
the 35-kDa subunit, we have not yet been able to determine 
definitively wbedicr COS c^ transfected with only the 
3S-kI>a subunit cDNA secrete that subumt. Smcc no bioac- 
tivity was detected in tiie media, secretion of a bi<»ctive 
35-kDa subunit by itself could be very inefficient; altcnw- 
tively. simihtf to the 40-kDa subunit, the proteuj coidd be 
much less active or inactive ahogcUier. IntrwcUular 35-kDa 
protein in Uic absence of the oUier subunit could be inherently 
unstable; Uiere is precedence for this phenomenon, sinceit 
has been reported that 90% of the p chams of lutropin (LH), 
when expressed in the absence of a chains, « Jf"^!" ™ 
endoplasmic reticuhim and are slowly degraded (16). Simple 
mixing of media conditioned by COS ^^1* sep- 
aratdy witii either one of tiie two CLMF subumt cDNAs did 
not yield bioactive CLMF. One possible explaiwtjon woiJd 
be that the ceUs do not secrete the 35.kDa CLMF subuni by 
itself. More likely, our experimental conditions did not aUow 
proper hcterodimer formation. One would expect that only 
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carefully controlled renaturaUon and oxidation conditions 
wo^d 4iow the disulfide bond formation required for gen- 
eration of bioactivc CLMF. 
''^No^ human P^riphcnU blood b;-phocy^^^^^ 
appropriate induction conditions produce both CLMF sub- 
unit mRNAs and secrete the acuve protein (N.N. and 
M K C, unpublished data). There is some evidence suggest- 
tha CLMF is produced predominantly by B ceUs n 
prdi^Sni experim^^^^ B-ceU mitogens have appeared to 

^^Z^^^^y^ than T-i^M^,';;^^^^^^ ''Jii^ 
production from peripheral blood lymphocytes {M.K.O.. 
nnr^blished fcsults). Whcn screening human cdl lines for 
SabflS to^^^^^ CLMF activity (7). we obse^ed that 
S eiK B^^^ lines tested produced CLMF after ac^ 
vation wSi FMA and calcium ionophore. whereas none of 
ntc^-ccU Ones produced CLMF. Nevertheless, three of 
fw/^^ll linM secreted large amounts of IL-2 and tumor 
l.!^J^itor^^^^ after activation (M.K.G.. unpub- 

fNKSR a hcterodimeric cytokine similar or idenUcal to 
PLN^wL isolated from RPMI 8866 lymphoblastoid B ceUs 
fl^ AV^riSSrt (18) has indicated that B lymphocytes 
a cT^^^^^^ ^^"^ that acOitates 

^s^cific cytolytic T-Iymphocyte responses. It is possi- 
K ^tharcU4F have been the cytokine active in those 
Jmd?^SalKBlympho^^ 

ew<^ cytokine-pnxlucing helper cells, rt is con- 
!!SLwrrhTi CLMF production consUtutes a novel mecha- 
T^t^S^yi^V^^ ^'"^^"^ amplificatioa 
nf ?lvmDho^y^^^ «^**»tion to the biologic ac- 

?viSs dScX K^^ report, CLMF by itself has been 

(0 to activate NK cells in an 18-22 hr assaMiO to 
Ste ^e generati^^ of specific aUofijneic CTL re- 
tm to stimuiaU the secretion of y mterferon by 

^suhf^Hrt^ can also syncrgize with low concentrations of 
Sinint 1^2 ^ latter two assays and In causing the 
SSn of r^tSJ pcriph«^ blood lymphocytes. In 
fi^S^hs Pi^uS^^^^ Wood lymphocyte and 

^^div^ acUons on lyJnphoid celU it app«^tl^^ 
(Siuitituies a hew intcrieukm. We propose that CLMF be 
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given the provisional designation lL-12. The availability of 
recombinant CLMF wiU now make possible a broader and 
more detailed characterization of its biology. 
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Immunization With Melan-A Peptide-Pulsed P%"Pheral Blood 
Mononuclear Cells Plus Recombinant Human Interleukin-12 
Induces Clinical Activity and T-Cell Responses in 

Advanced Melanoma 

By Amy C. Peterson, Helena Harlin, and Thomas F, Gojewski 



duced CDS* T-«ell re5pon.e. ond tumor ~ 

cenriy determined thot t«ombinont h""'*'" <;;»;> 

to 1 00 ng/kg is effective « o voecme od|UYont P***"^ 

oh«e II study of immunixotion with Melon-A pephde- 

JCuS PuSe + rhll-12 wo. conducted in 20 potient. wrth 

advanced melonoma. ^ ^ _^ ^ utA a^-macMva 
P„fr>P^ Methods: Pohent* were HlA-A2-pos^ve 

was Srfol^ W 3 week. wHh cfinkal -evaluijion 
^"ry rtiree cycles. Immune response, were meoswred by 
EUs2Lf on<* tf^tment and through the 

fi«t Al^^X«!an^ wer» conrnlated with cUnkal oirtcome, 

viSSlneta,to^!Tto^ two potient. ochieved o 

MOST MELANOMA tumors express antigens &at can be 
recognized by CD8* T cells.*-^ Nonetheless, tumois 
frequently escape immune destruction, either from a failure to 
generate an optimal tumor antigen-specific T^ll response or 
Lm development of resistance to the T^ell response mduced. 
One strategy to overcome the former hurdle is through active 
immunization, the opportunity for which has b<^n ^cihtated by 
the molecular definition of melanoma antigens. Specific CDS 
T ceUs that are properly activated can home to tumor sites and 
kill tumor ceUs, to the extent to which they can overcome 
negative immunoregulatory pathways and tumor resistance. 

The optimal irmnunization strategy for inducing tumor 
antigen-specific CDS* effector T ceUs in humans remains 
undefined. However, antigen-presenting cell-based strategies 
have shown promise. Both monocyte^erived*-^ and bone mar- 
row-derived' dendritic cells (DCs) have been loaded with 
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complete respond, five patient, ochteved a mmor or mixed 
respond/ ond four poHent. had stable di.ease. The medion 
.urvivol wo. 12^ month, for all potienta and wo. not yet 
reoched for those with o normol loctote dehydrogenase* there 
v^re no grade 3 or 4 toxicities. Measurement of specific CDS* 
T<ell responses by direct ex vivo EUSpot revealed a significont 
increase in interferon gommo-produdng T c^ ogomst 
Melon-A (P « .015) after vocdnotSon, but not against on 
Epstein-ecrr virws control p^>Hde (P = M). There wos a 
conelotion behveen the mognitude off the increase tn Melon- 
A-spedfic cdU and clinical re^>onse (P = .046)e 

Conclusion : This immunixotion approoch may be more 
straightforward than dendriHc cell strategies and seems 
to hove clinical octWity that con be correloted to a biologic 

Cffn"**Oncor 2l:234J[-234«. O 2003 by Amencan 
Society of Clinical Oncology., 

melanoma tumor antigens and administered in the advanced- 
disease settmg, with evidence for immunization and tumor 
regression in subsets of patients. Howeyer. DCs are cumbersome 
to generate and altCTnative approaches that are more straigjitfor- 
ward yet equally as effective would be useful. One cofactor 
produced by DCs that contributes to their efficacy is interleu- 
km-12 (IL-12), which facilitates the induction of interferon 
gamma (IFN.y>-pn)ducing cytolytic effector ceUs.*^'° Endoge- 
nous IL-12 seems necessary for optimal rejection of immuno- 
genic murine tumors"*" and provision of exogenous IL-12, 
either alone" or combined witii tumor antigen-based vac- 
cines/**'** can induce rejection of pre-established tumors in 
murine models. We previously have shown that coadministr^n 
of IL-12 with peripheral blood mononuclear cells (PBMCs) 
loaded vnth tumor antigen peptides induced specific cytolytic 
T-lynq)hocyte responses and tumor protection in mice, circum- 
venting the need to generate dendritic cells.^ The ease by which 
PBMC can be isolated from patients has made this an attractive 
approach for clinical translation. We recently conducted a phase 
I clinical study to determine the dose of recombinant human (ih) 
IL-12 necessary to induce T-ceU responses in combination with 
antigen-loaded PBMCs, and found tiiat doses firom 30 to 100 
ng/kg administered subcutancously (sc) at the vaccine site were 
optimal and weU tolerated.^* The effective range of doses 
indicated that a straight dose of 4 fig might be used. 

In this article, we describe results of a phase U clinical study 
of immunization with Melan-A/MART-l' peptide-pulsed autol- 
ogous PBMCs + ihIL-12 in HLA-A2-positive patients witii 
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advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELISpot assay. We show that this valine 
approach had clinical activity and that the magnitude of in- 
creased T-ceil response correlated with clinical outcome. 

PATIENTS AND AAETHCOS 

Patient Enrollment and EUffbility 
•n,i8 was an open-label, nonnndomized. single-imtotioo ^ of 

Il;^vi^nivetsi.y of Chicago ^^^J^^^^ 

C^yc .SdKJwed MelaD-A (umor expression by averse t«««a.ptt«e 
^J^chain reunion (RT-PCR) were 

Sl«:h.sioocri«iawe.eHffeexp«*«^a««th«jl2w.d*^^ 
»X«Le status £70, and adequate hematopoietu:. renal, and hepatic 
S^r^laVUtype hW«3enaitivity (DTH) skin testing petfbmed 

^^SL jflhey had severe cudiovascuUir disease or art 
:^^r^lSr*»«« biologic therapy received within 4 weeks, tested 
S^ f^ S3 B surface antigen or hun«n inmn™«h^«^ 

Of «n«»trolled peptic ulcer disease, or had unconttoBedham 
iS^^ S. with i»ted btain metastases who were dut^allym^ 
iSSTw^ »««ble and did no. squire cortico..e«,ids we« allo*^ 

enter onto die triaL 
Patient Characteristics 

Twenty patients widi metastatic melanoma we« eniolled after pving 
wnStSLed consent Patient cha«c.eristi« a^ oudmed 

had advanced disease; the majority h«l at least three site, of 
Sf^LiSw of which were visceral (k. noncutaneous and nonpotoonan^ 
™^)^^.ely n« thirds of *e pad«^h«I reo^v^^ 
^!™v Jd 10 wtieots had an devated lactate ddiydrogenase (U)H) 

iS-S negative p^gnostic fi.,or.» <^«'^ J^^^ 
to^ leart one^recall amigen (mumps. ComUda. or TMu>phytb.) by DTH 
skinliesdng. 

RT-PCR Analysis 

RNA was isototed &om fresh tumor ceUs using guanidine and cesium 
J^^Z was synthesized and PCR was perfonned ^ Mela^A 
„?S^.actin using U,e primer pair, and reaction condition. descnl«d 
!^JZiy" Control reactions without reverse transcriptase were per- 
Z^^WL a contribution of genomic DNA. PCR products 
wlwlizedusinga 1.5% eUudiumbromide-^tamed agarose gcL No formal 

quantitation was performed. 

Vaccine Proration 

-n^py consisted initUUy of three 2 l^y cycles. Vaccinari««j«e 
JenTL to day of each cycle «ul rhIH2 was adnumstered sub^- 
day. I. 3. and i. Approximately 100 to 150 mL of penpherd 
w« collected ^ day 1 of each cycle mto h^»rm.zed 

f^^^!r!Lu«r<Lympboprep; Axis-Shield PoQ Odo. Norway). 
'^^'Z^^S^^>^'^ phosphate-buffecd saline 
SSjaHoflO'cJl^Srrre.^lOX lO^celUftomead, sample were 
CDS* and CDS' frBCtKms for subsequent correi- 

^«Iced accoXg to good manufacturing practice standards by Multipte 

y^dH^ prepan^a' 5 ■""-'^ " ""^'"^ and stored at 
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Tabio 1. PoHant ChoroctensHcs 



No. 



Ago, yeor> 

Median 

Kongo 
San . 

Mala 

Konwfsky psffcnnanco «latu» (ECOG) 

709^809&OI 
^70% (2) 
Ko, of motostotic sitos 
1 
2 

tooation of msiostaKa 
^ Vttoorol 

Brain (focolcdl 
Prior thoropr 

Nona 

0,cmo}fK3rap/ or immiiRoShcrapy 

Ai only pncrfKonjpy 
CKcmolhcropy 

Ai only poor tkcrapy 
Immmioll ujojy 

As only pncf tKcropy 

Olhor* 
A»oniy prior tboropy 

Afi only prior Ihsnapy 
B^^fafcdlDH 
DTH rccofi posito 



58 
35-79 



9 
11 

10 
9 
1 

2 

18 

13 

4 

6 
7 
5 
1 
1 
A 
1 
2 

5 
3 
10 
9 



Nono 



Mono 



AS 
55 

50 
45 
5 

10 

90 

65 
20 

30 
35 
25 
5 
5 

20 
5 
10 

25 
15 
50 
45 



AbbrwioJioftj: ECOG, Eojlom Coop^divo (Wt^ Gfw^; lFh4-a, irtorferon 

•btpwimanld (hcropy olficr Owm a mskmoma voceino, bwminomodulotofy 
cytoldiw, or ehcnttrthsropy. 



-80*C for up to 3 months. Peptide preparations were <iuality cootroUed for 
HLA-A2 binding, sterility, imd identity by higbiwrfomiance chroma. 
togf«>hy and mass spectrometry. An aUquot of peptide was to 20 

umoVL in DPBS ond mixed with an equa} volume of patient PBMCs (final 
concentratian. 10 ^unol/L; target number of PBMCo. 10°) followed 
Cincubation ct 37«C for 1 hour in 10 inL DPBS. -nw cella were then 
irradiated (20 Gy). washed in DPBS, and resu^pended in I mL DPBS. The 
suspension of peptide-loaded PBMCs was iiyected sc using a I-mL syringe 
and 8 2l-gauge needle, divided evenly into two sites. Prefeired sites were 
those near draining lymph iK>dc basins Iwt not near a turner mass, m 
number of PBMCs administered per vaccine ranged ftwn 78 to IGOX 10*. 

rhlL-12 was provided by Geoetico Institote (Cambridge, MA) as a 
hrophilized powda: of 10 MS vacuum. Each vial was intended for 
single use only and was st«d as a povwier in our research pharmacy at 2 to 
8«C untU reconstituted vrith oterUe water for injection. Once reconstituted, 
thlL. 1 2 was loaded into 3-mL syringes and used within 4 houia. rhIL- 12 (4 
ufi) was administered sc with a 25^uge needle just after pulsed PBMC 
itwcuUtion and immediately adjacent to one of the two immumzatioo sties 
on days 1 3, and 5. The same approximate location was used for each 
iiyection of peptide^iulsed PBMCs and ibIL-12 for each cycle. 

Tmcity Assessment and Criteria for Clinical Response 

Toxicities were determined using the Notional Cancer Institute common 
toxicity criteria scale vcrsicm ZO. A complete re^wnse (CR) was assigned if 
there was disappearance of all lesions without the ^eaiBnce of any new 
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lesions: . panial response (PR) was defined as ^ 50% reduction m 
Snor volume: a minor «sponse (MR) was defined a. less ^ 50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
^TeTons appeatd. m tumor reappeared, or if a 25% increase m tumor 
a«a was observed; a mixed response was assigned if at least one ^ 
decreased in size with other or new tumors growing: staWe disease (SD) was 
anything that did not fit the aforementioned criteria. When possible, 
cutaneous lesions were photographed. 

CDS* T-Cell Preparation 

CDS* and CDS" fractions from PBMC were isolated at d« toe of 
™eparttion of each vaccine and ayopieserved untU analysis m taucb 
iJZ, CDS* T lymphocytes were isolated by positive selecuro usmg CDS 
and magnetic column. (MACS system; Mitoyi Bioted, 
Aubom. CAl The unbound CDS" firaction was ctyopreserved for use as 
cell, for in vitro «xp««oa of specific CDS * T ceU^ 
S^^^E"Spot««ly««w..perfonned directly with thawed 

cells Tsecondary assay was carried cut after in vitro expansion. F« « 
vL'expansion. CDS" cells were diawed from each time point and pooted. 
pulsed wwTsO M«ol/L MeUn-A pqHide in senim-fiee Iscove . modi^ 
bZcco's medium (IMDM) with bets^-microglobulu.^ uradMtod ^.m 
and platrd at 2 X 10» cells^«ll in 24^ plates. CDS* T cell. 
:S ;SJ?J?<lS with the irn-fiated CDS- cell. « 4 X .0^ ce^ 
fa IMDM n«linm containing l(W human AB «nim. After 5 dajfli Ib^^ 
were collected and pbted with a new batch rfMdan-A-pulsed biadiated CM 
cells. After an addiliooal 5 day. Ae cell, were collected and tested. 

EL^ot Assays 

Biiefly. 96.wen membrane bottomed plate. (MAHA S4M0: Millip^ 
Bedfbi* MA) were coated with 15 M/nO, of antihumaa IFN-y <^ 
oSi. Cincinnati. OH) to PBS. Tte plate, were warfied «hJ CDS T 
cdls. ^ freshly thawed at 5 x 10* cells/well or after in vitro expansjon 
^5 X JO' cells^^U. were plated hi triplicate to IMDM medium witf. 10% 
human AB setum. T2 celU (transporter associated with antig« p^«^ 

Lficient cen line. American T>pe Culture ^^J^'^^^^^ 
mJsed for 1 hour at 37°C with 50 fiuMlA- peptide (e»a» derived from HIV 

hLKEPVHOn Epstein-BaiT virus (EBV; GLCTLVAML]. or MeUn-A 
lAAGIGlLTVD, washed, and plated at a 5-to-l ratio to the T cells. A 
l^Bcate of CDS* T celU was rtimnlated wift PMA ([Aoibol U^nynstate 
ilacelate) (50 ng^mL) + iononiycin (0.5 wMiL) as a posiliye COTtrol. After 
^Z^L wire removed by washing with PBS + 0.^ 1^ 
rwash buffer), and biotmylated antihuman IFN-r antibody was added m PBS 
VW% fctal calf THe pUtes were incubated for2 to 4 hou» at room 
tempoature. washed. «rf«rep..vidi«lk.ll«ephosph.h^ 
hourT™*- tempe.«u«. Tbe ptot« were then waAei BOP-NBT 
(5^wofno^Ioit>-3-indolyl phosphateAiiiio*hie tetnaohum) was added, 
^n^were finally wariKd whh water «Kl .llow«l to «r dor^PI.« 
were «»ned with an EUSpot reader (PVL Technologies. Cleveland, OH) 
and the number of wot. per weU was enumerated after the background wa^ 
«t on flie baas of wells ftat had been incubated with mednim alone; |5)ot 

Mpamion w»i agisted using Immunospol softwue (CTL Tedinolop«). 
sample, the number of T cells producing IFN-T in response to EBV 

orMda».A peptide, was determined by subtracting the number of <«« 
to response to HIV peptide. The mean and SD were detemuned ft>r each 
iriDlicate sanmle. After hnmunizstion. the time potot at which peak ftequw- 
^ MnongdK first thite cycles were obsen^d wa. used for dau «uay«.. 

Statistical Analysis 

Comparisons between pre- and post-EUSpot frequencies were perfonned 
wxa a paired / test, and comparisons of augmented ELISpot frequeocaw 
between respondei. and nonresponders were made using an mptutA 
two-sided t test CwreUtions between various dicbotomous variables and 
clinical outeome were made ustog Fisher', exact test (two-ad«0. Survival 
data were deterromed ustog the KH)l8n.Meier method, wiA diflfcrencw 
among (Wbgreups Msessed by the log-rank test. AU analyses were peribrmed 

using SPSS software (vet«on 8.0; SPSS Inc. Chicago. IL). 



PETERSON, HARUN, AND GAJEWSKl 



Tabl*2. AcJvBTS* Evenh 



AiWm Event 


Grod* 1 


Grade 2 


Oraoe -J 




16 


0 


o' 


AnoFvxJO 


6 


0 


0 




7 


0 


0 


Rosh 


3 


0 


0 


Heododw 


3 


0 


0 


Nausea 


2 


0 


0 


Infection site ruction 


5 


0 


0 


Neuhnptnio 


I 


2 


0 


Thrombocytopenio 


2 


0 


0 




5 


2 


0 




1 


0 


0 



tnftihito cjommon toxidly criteria sooU varwon 2.0. 



RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of immunization on day 1 and sc 
iiiIL-12 administration on days 1, 3, and 5, as described in 
Mediods. Thiec cycles constituted one couise of thcrqjy and 
patients were evaluated for response after each course. Patients 
were observed as inpatients in our General CImical Research 
Center for the first 24 hours of eadi cycle. 

Adverse reactions are listed in Table 2, All but one patient 
completed at least three cycles of therapy. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia and two 
patients had grade 2 ALT or AST elevations, which were reversible. 
The most commcm adverse reactions woe fatigue and fever. 

Clinical Outcome 

Clinical response outcomes arc listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%. In addition, four 
patients (20%) had a mixed response, one patient (5%) had an MR, 
four patients GiO%) had SD, and die remwning nine patients (45%) 
badPD. The sites of tumor response were diverse. The two patients 
who ©qwrienced a CR bodi had numaous metastases of 2 cm or 
less and a ncwmal LDH, One patieait was female, had multq)le 
cutaneous lesions, and no prior dierapy; the other patient was male, 
had multiple hmg lesions, and had experienced priw treatmoit 
Mure fitjm chenaoimmunothor^. Neitiier patient cxpoienced a 
recurrence widi a mean fbllow-4ip time of 28 months at d» time of 
data analyas. Of die five otiier patients v*o showed a decrease in 
size of at least one tunwr mass, diree had re^xmses in skin, one had 
a response in bone, and one had a response in an adrraal lesion. 
Three of die four patiwits widi SD had visceral metastases, 

Tob le3. CBnkdOmcome 

No* ^ 



ComplelB response 
Parttd response 
Minor response 
Mixed response 
Slobte diseose 
PtnogreuWe disease 



2 
0 
1 

4 . 

4 

9 



10 
0 
5 
20 
20 
45 
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p=0:046 



Pre Post 

PepUde-Specific T-Cell Responses by EUSpot 

A carefully cotitroUcd IFN-y ELlSpot assay was used to 
monitor the immune response to immunization. Ciyopreserved 
CDS* T cells were thawed in batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded with peptides 
daived from cidier HIV, EBV, or Melan-A, Tte HIV vahies 
were subtracted from those obtained with either Melan-A or 
EBV as an internal control at each time point Seventeen of fte 
enroUed patients had adequate ciyopreserved material with 
which to perform hnmunologic assessments. 

As shown in Fig 1, some patients displayed a high frequency 
of Melan-A-specific CD8* T celk before vaccination, with as 
high as 1% of CDS* cells responding to tiiis peptide. Hiese T 
ce^ Vere functional because they produced IFN-r The majority 
of patients showed an increase in the frequency of Melan-A- 
specific cells after immunization (F = .015). In con^ &e 
frequencies of specific CDS* T cells responding to the pV 
p Jtide did not vary significantly overall (P = .86). Although the 
changes in T-cell frequency were modest, these results demon- 
stiate an antigen-specific response after immunization with 
Melan-A peptide-pulsed PBMC + iWL-lZ • 

Hie changes in Mehm-A-specific ELISpot frequencies were 
compared among patients who had a mUed response or better 
and those who had no clinical response. As shown m Fig 2, the 
mean increase in Melan-A-^pecific T cells for the clmical 
responders was 112 ± 45 and for nonrespondcrs was 26 ±16. 
indicating that a greater absolute increase in Melan-A-«pecific T 
cells was associated with tumor regression {P = .046). 

Survival and AssociaHons Between Immunologic Parameters 
and Clinical Outcome 

The overaU median survival was 12.25 months and is shown 
in Fig 3A Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a Icnown 
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Fw2. CompomcncJiiKfcocodfttobihABiS^ 
fibn bstwean cfirocd fwpaB<!cT» oitd nwifospimdcra. Tits «Aa>bt3 dWoronco 
Mween ftlieten^-ipodfic HJSpcJ ir^v^mc pac^ and prefircafiraeitf ^ cesm 



negative prognostic factor," survival was also compared m 
ussponse to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
925 months, whereas the median had not yet been reached for 
those with a normal LDH {P ^ .005). In addition, the median 
survival for patients who expcaienced a significant niCTcase in 
Melan-A-specific T cells was not yet reached, c<Mnp?red with 
8.5 months for patients witliout a significant increase in Melan- 
A-^spccific cells (Fig 3C; P = .120). 

Additional immunologic parameters that had been measured 
were also analyzed for associations with eitiier clinical response 
or survival and are summarized in Table 4. Neither a positive 
recall DTH to standard antigens nor a relatively high number of 
EBV. or Melan-A-specific CDS"^ T cells before inununization 
correlated witii either outcome. The median pretreatmeat Melan- 
A-specific t cell frequency was 23 in clinical nonresponders and 
-26 in responders. To increase the sensitivity of tiie assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
performed on die preimmunization samples and analyzed by 
ELISpot as described in Methods. Ten patients showed high 
Melan-A-specific T cell fi:cquencies after in vitro expansion. 
However, this also failed to correlate with clinical outcome. 
Finally, altiiough a normal LDH level was associated with 
survival, it did not correlate witii clinical response and also did 
not eoirelate with immune response. Collectively, these results 
reinforce the specificity of the result showing a significant 
association between an increased number of Melan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was COTceivable tiiat some patients developed PD despite 
iramumzation because of outgrowtii of Melan-A-negative tmnor 
cells Posttreatmenttunwr samples wwe obtained from progressing 
ttimors from three patients and analyzed by RT-PCR- Although the 
new metastasis that developed in patient 1 was negative for 
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Melan-A expression, those samples flxMn patients 4 and 6 retained 
detectable expression of Melan-A mRNA (Fig D- Hiesc results 
indicate that, alfliough outgrowth of an%aMicgative tumoR «m 
occur, odier mechanisms of resistance to immune destniction likely 
ocplain the lack of clinical response in other patients. 

DISCUSSION 

In this study we used Melan-A peptide-pulsed autologous 
PBMC + rhIL-12 as a vaccine to treat HLA-A2-posiUve 
patients with advanced melanoma. We observed a significmt 
Screase in Melan-A-^pecific IFN-rpioducing CDS* T celb 
after immunization, and found a statistical association belwera 
clinical response and the magnitude of the specific T^ceU 
increase Although it is difficult to compare across individual, 
small phase U studies, these results are simUar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward to execute. 

pZration of &e peptide-loaded PBMCs typically todc 5 
hours fiom phlebotomy to injection, and quality control of the 
cell product was feciUtaled by the lack of aii extended in vitro 
culture period and absence of exposure to culture medium or 
serum proteins that is required for dendritic ccB preparations. 
Conversely, dendritic cell vaccines have been prepared m 
batches and cryopreserved in individual doses in some studies, 
which obviates the need to prepare a fresh vaccine at each time 
point Cryopreservation of vaccmes has not yet been examined 
with our current appttach. A comparative trial between PBMC/ 
rtiIL.12 and dendritic ceU-based vaccination may. therefore, be 
of interest as the technologies continue to develop. Our results 



support the n<rtion developed in preclinical models that IL-12 
can contribute, to effective antitumor immumtjr. and are consis- 
tent with the results of a recent adjuvant vaccine study using 
rfaIL-12 in melanoma.^ 

We used a direct ex vivo EUSpot assay to assess antigen- 
specific T-cell responses in this study. Control experiments 
testing EBV reactivity firom normal donors revealed that EUS- 
pot analysis could be performed accurately on cayopreserved 
CDS* T cell sanqiles immediately after thawing (H. Harlin and 
T. GajewsU. uiqmblished data). We found that background 
leactivity against 4e control HIV peptide varied among patients 
and to some extent among time pomts for an individual patient 
The magnitude of increase in apparent Melan- A-«active T cells 
would have been greater m some patients had Ae values 
obtained with the HTV control peptide not been subtracted. We 
believe that this experimental detail is critical because it normal- 
izes the san^iles f<w background differences and provides an 
internal control for minor variation between individual vials of 
cryopreserved T celU. We also conq»ared the Melan-A frequen- 
cies to those against an EBV control peptide, to determine 
whether the treatment was altering ELISpot results. We per- 
formed our analyses on purified CDS* T cells to control for 
variable numbers between patients and across time points. It is 
possible that we excluded subpopulations of CDS" T cells, 
CD4* T cells, and natural killer T cells diat could have produced 
IFN-y in response to Melan-A. Nonedieless, our results revealed 
a measurable and significant increase in Melan-A-qwcific T 
celU posttreatment Our cunrenUy employed EUSpot assay is 
distinct from the assay used in our phase I trial of peptide-pulsed 
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Kopton^Vteior mdhod ond log-rortSc tetf. S^mB^ 

AbbnwlioTO: DTH, <fe!ay«iHypo hypcrtoniithfay; EBV, Epriain-Borr vinis; Rk, 
immuntioHen; IPH, bdote daJyctrogGnots; WV. human inrnmayicicncy vmn; 

B.-2, ii*3ffctwldn-2. j - ^ 

•A> bost 90 »po*5 par 10* COS* T cofc citef tubtractw 

control ^flV paptido. , . 

tChongas batwssn pod- ond prewoodnahon wmpbs wore coJcokited os tho 
differs b^wsan &o obsolute numbof of .podfic ^ 
unpoird/(ostb«?WG5nclinicdns«pondGr»andnoft^^ . ^ . 

?Atlcost40ipohp3r]0*CD8* T 05& offer wbtrodkw of b«%ound ogotre* 

° ^Jl^j^^^^V 10* CDS* T c^^ 
ooonlfolHWpspftd9,oftero lOnkiyinvitioojqMnsionw^ 

oujologoM CDS' cdU ond 0.-2. 

PBMC + riiBL-12 and in other trials^'-" in ^ch in vitro 
expansion had been pCTfonned before assessment of IFN-y 
production Analysis of T-ceU responses with minimal in vitro 
manipulation should most accurately reflect the status of those 

cells in vivo. ^ 

High frequencies of Mclan-A-«pedfic. IFN-r-pn)ducmg 
CDS'^ T cells were observed in some patients at study entry 
when they clearly bad progressively growing melanoma. This 
obsCTvation mdicates that the absolute foquency of functional T 
cellsvagainst a tumor antigen does not correlate with the behavior 
of the tumor. We also found no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Mclan-A-specific T 
cells before therapy. Although high frequencies of T cells 
reacting with a Melan-A tetramer have been detected in some 
normal donors.^* those ccUs bad a naive surface phenotype and 
did not produce high levels of IFN-y. What did correlate with 
clinical response in our current study is a meaningful increase m 
Melan-A-^specific T cells posttreatment These increases were 
modest (a net gain of 112 spots per 10' CD8^ T cells on 
average), indicating cither that a subtle alteration in the steady- 
state between die immune response and a growing tumor in favor 
of increased T-cell frequencies is sufficient to translate into 
tumor regression, or that another immune function that we are 
not measuring is contributing to the final event of tumor 
shrinkage. Tumor regressions without detectable increases in 



Patient 4 



Patient 6 




4. Wbbn-A osprosseea ta tuinora tJcoJ porsbCsd «Jfe3J tssdnBaasoSsca. Ifaco 
po^snfis cndofvsfcnf cwBied rocGctSon o5 btsbno fato dfeecn&ttKi^ fea 
xvhech ^!«)ro Orta^ned for MdamA oKpio^ 
•polynwroj© chain reocSb^ ConBi^ 



T-cell fiequcncies using standard assays have been observed in 
odier studies." 

The median overall survival in our study was 12.25 months 
fhrni treatment initiation, which is greater than the expected 6 to 
9 months for this patient population, Althougjh it was a relatively 
small study and subject to selection bias, most patiaits were 
pretreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated with 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether this is 
reflective of tumor burden or the metabolic state of &e tumor 
cells that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in MeUui-A-^>ecific T 
cells and developed progressive tumor growth despite retained 
expression of the antigen on posttreatmait biopsies. This obser- 
vation is similar to that seen in murine studies" and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor micro^vircmment Poten- 
tial ejq)lanations include poor T-ceU trafficking to tumor sites, 
presence of negative regulatcay cdls, T-ceU anergy or death, 
expression of inhibitory molecules by tumor cells, or downregu- 
lation of class I major histocompatibility complex or antigai- 
processing molccules.^*^ Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist elimination by antigen-specific T cells in vivo, 
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motherapy received five DC «°~^"^^™2^y and intradermally. fbUowed by 

administered into '^^l'^ f^^^^^t^Tcs. ripectively. Oniy minor M than 
two ^ed. Jnmunlty toXrecali antigen was boosted. 

wr^duced^S/U^^^ 

paU^-l^tion of sKm metast^ ^ two Patlen. w^a^™" 

were eviaeni in u/ n h« _ .^^^j, whereas nonregresslng lesions lacked CDS 

cer and, In addiUon, provides evidence for an acnve k^i^o ^ 
as weU as escape by lack of tumor antigen expression. 

Keywords: dendritic cells • vaccination • active Inuntinotherapy • melanoma • 
cytotoxic T lymphocytes 

^ roar+ivi* T cells are tolerized by the tumors (1. 4). 

Tt is now establlshedtitet the Immune system has c^. ^^^^^^^^^ , compelling setting in which to pur- 
iparticularly CDS* COs. titet can ^^e^Snize tumorantih Mel^nomapro^ cancer^mZnothe«py. the gene«tion 
ge^id kiU tumors (1. 2). Nevertheless a majo problem T ceH immunity, particularly 

I that these T cells are either "ot induced or on^y w«*^^ of ^ The -ajorlty of turhor antigens Identified 

induced. l.e.. the T cells are not evident In the *y^em^ dr- wim t^ g). Limited antlmeianoma 

culation. One possibility is that *»-«^^,«?^^^° ^ ^^ZeLn detected (5). and Inl^ns of 1-2 
antigen presentation by dendritic ceUs (DCs).' e««Skiller cells canlead to nsjection of melanoma (6). 

juv^t" for eUdting T ceU immunity (3). Another is that ^^j^^^^ p„„ote antibody rather than 

CTL responses. Therefore, several novel strategies are be- 

•Aftteriattowosrf to thb papa: CNS. central navo,* v«em: DCs. den- explored to Induce tumof-speciflc T ceU immunity. 

^f^-^^:^:^:^^^-^"' S^C>Scinationisoneofthese(3).Immatu«DCscaptur. 

^ . J.E^.Med.eT^RocKefeUerUnlve«.^Pr«^^^^^^^^ 
Volume 190. Number 11. December 6. 1999 1669-1678 
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8 



& 



anUgens but lack full T ceU-sUmulatoiy activity (7). In Oie 
orcsence of appropriate stimuU. such as inflammatory cyto- 
DCs ma^re. DCs upregulate T cell adhesion ar,d 
costlii»ulatoiy molecules as weU as select chemokine recep- 
tors that Ruide DC migration, into lymphoid organs for 
pr^iS^ of Zgen-spedfic T cells. The use of DCs as adju- 
Cu°uppo.Sl by many animal experiments with pri- 
Z^v matt^ DCs (3. 8). These studies have shown that 
Zt^ZToF^or 'anigen-loaded DCs reliably induce 
^.,r«nr-snccific CTL responses, tumor resistance, and in 
Sme cS «^Ton of metastases (3. 8). Inthe few pUot 
SXrepoAed » far for humans. Unmatme DCs have b«n 
employed (9-11). Scattered tumor responses are reported^ 
bSence for the induction of tumor-speciflc CTLs by 
DC vaccination has not been shown. 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and «abte DC^ 
from monocytes in the absence of nonhuman proteins (U. 
S We exploring the use of thfese DCs as vaccine 

adjuvants in humans. Hec«wep«Mdeti«proofof the^ 
^irf,. bv demonstrating that three intracutaneous injections 
IPm^LIaI SSde-pulsed mature DCs reliably enhance 

{nteavilypreWd. P~8«=ive sJage IV melanoma^te 
wiriai^e^umor toads. Expansions of Mage-3Al^c 
Ca mponses have not been previously detected aft« 
Maae-3Al pcpUde vacdnaUon in less advanced melanoma 
oaSnts (14). undetscoring the potent adjuvant properties 
S DCs. As regressions of metastases also occurred upon 
DC-mediated immunlzaUon and were accompanied by 
CD8+ T ceU infiltration, we propose that the induced 
Mage-3Al-speclfic CTLs are active in vivo. 

MateriaJs and Methods 
Patient EOgibOlV Criteria 

Patients v*«ie ellslWe tf they suffered from stage IV (Le.. distant 
^^^3mallgnant melanoma (1988 VWcan Joint 
^^^ee^Tcancer/Unlon Internationale Contre Cancer 

J^^J^jnLo(.mm«no)theni^. 

aTeUcted surrtvd fe4 mo. Kamofeky Index S60%. 
^vr n^wMe dtease. HLA-Al podtlvity. expression of 

o« excbed metastasb. and no systemic chemo-. radio-, or Im 
m^Sy Within 4 wlc (6 wk in the case of nltrosur«i dr^ 
^^LaJaZ flnt DC vaccination. A positive rfOn test to recall 
S^vTnot required. Important exclusion crtt^U were ac- 
^ nen^rsystem (CNS) metastasis, any sigrUficam psychi- 

^ live.), acdve «itoimmune disease (except vitiligo), prevtous 
S««*onv or radiation thenwy to the spleen, organ alk^ra^ 

tnce for Jwther active malignant neopbsm. pregnancy, bcmton. 
S^lSTor intent to participate) in any other dlnk^ 
CJSS tream^nt (chemo- or immunotherapy, eo^o^ 
oil invertigattonal dnigs. paramedical substance^ was preWblted. 
pltivrXon or smglcal therapy of sekKied mej^^^^^ 
rain medication, (acetamlnophen/paracatamol. 
UiOammatoor dmg.. opiate^ to control symptoms were allowed. 



ClinlcaJ Protocol and Study Design 

The study was performed at the Departments of Dermatology 
in ErUnaen. WOraburg. and Mainz. Germany according to sian- 
dards of Good Clinical Practice for Trials on Medidnal Products 
in the European Community. The protocol was approved by the 
Protocol Review Committee of the Ludwig InsUtute for Cancer 
Research (New York. NY) and performed under *"pe^o" f 
its Omce of Clinical Trials Management as study LUD #87-UUl. , 
The protocol was also approved by the ethics committees of the 
involved study centers. 

The study design is shown in Table H. All patients gave writ- 
ten informed consent before undergoing a screening evaluation 
to detennlne tfieir eligibility. Extensive clinical arid laboratoor as- 
sessments were conducted at visits 1. 5. and 8 (Table ID and con- 
sisted of a complete physical examlnaUon. staging procedures, 
and standard laboratory values as weU as special ones (preffiimcy 
test, fiee testosterone in males, autoantibody jaoflle. and antibodlM 
to HIV-1/2 human T ceU lymphotroplc vims typt I. hepatWs B 
virus and hepatitis C viru^ • Patterns were hospitalized and exam- 
ined the day before each vaccination and were monitored for 
48 h after die DC ir^jectlons. Adverse events and changes to labora- 
tory values were graded on a scale derived from the Common 
Ttwldty Criteria of the National Cancer Institute. National Insti- 
tutes of Health. Bediesda. MD. 

Produttfon of the DC Vaednc 

During prestudy screening, we tested a smaU ainwint of fr*^ 
blood to veri^ ttet appropriate numbeR of rnattire Dt^couU l>8 
^2d^ *e 2«?smon«^ (12). Sufficient DC num- 
bers couW be successfully generated in aU fatlents. but in some pa- 
tlenu the test generation revealed that TNF-a had to be added to 

aswe fuU maturation. To avoid repelittve blood drawing, we in- 
formed a single leul«vheresis during visit 2 to gen«te DO 

bribed (iSjh short. PBMC, from the l«^«**f«b ™: 
cleated celfcd were isolated on Lymphoprep^ ^^'^J^^ 
^vSmto three fractions. The first l««ion of W» PBMCs 
was cukured on bacterioteglcal petri dishes (Cat. #1005: Fakon 
Labware) coated with human Ig (100 pg/ml: Sand<^gobln~: San- 
rSbH) m complete RPMI 1640 -^'oWhJ^ 
supplemented wld» 20 ^g/ml gentamldn (Refobadn 10: M«W. 
S^tamlne (BtoWhlttaker). and 1% heat-inacttvated human 
Dbsntt for 24 h to generate monoeyte-condltlon«l medium 
MCMi for later use as the DC maturation stimulus. T>^J«<»«1 
Lctienof3 X lOBPBMCs vvasused forthegen«tl«iofDCs for 
^Smdon 1 and delayed-type hypen«^ O^tett I Ad- 
herent monocytes were cultured In 1.000 U/ml GM-CSF (10 X 
^/IITuX-nax™: Novartta) and 800 U/ml IL-4 (purity 
>98%- 4 1 X 10' U/mg in a bioasay using proliferatton of human 
IL-4R* CTLL: CeDGenlx: expressed in Eschsidila «nll and pro- 
duced under good laboratory practice conditions but verified for 

^ manufaSg P«ctlce IGMP) safety «^ P«rtValt«ta ^ 
Sfor 6 d. and *en MCM was added to mature die DC^ MCM 
l^pptonented in padents 04. 06 09. 11. and 12 w«h 10 ng/ml 
GMP-rhu TNF-« (purity >99%: 5 X 10' U/mg In a bloas«y us- 
Sgm^ L-M cT. gift of Dr. GR Adolf. Boehringer Ingd- 
Austria. Vienna. AustriaJ to assure Mi maturation rf^DO. 
JSL DCs were harvested on day 7. thlrt fraction of PBMC, 
was frozen in allquots and stored In the gas |*ase of Uquld nitrogen 
to generate DO for btervecdnatlom and DTH tests. 

DCs for vaccinations were pulsed with die Mage-3A1 peptide 
fl5) (EVDPIGHLY. jyntheslzed at GMP quality by Clinalf^ as 
Lmor antiaen. and as a recaU anUgen and positive control tetanus 
ToU oT^ir^berculln (if at visit 1 the DTH to TT in the 
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Multitest Merieux was >10 mm: both purchased from the Bacte- 
rial Vaccines Department of the Statens Scrum InsUtute. Copen- 
hagen DeranariO. The recall antigen was added at 10 |j.g/nJ for 
24 h. Jthe Mage-3A1 ^ptlde was added at 10 d - 
;2tly to the cuhuie, for the last 8 h (if Immunity to recall anti- 
gens was strongly boosted, the dose of recall antigen was r^uc«l 
^ 1.0 or 0.1 K«/ml or was omitted for the m^venom DCln- 
iectlons to avoid a cytokine release syndrome). On day 7. mawre 
dS were harvested, resuspended in complete medium. v«shei 
^^Z^ more wUh Mage-3A1 peptide (now at 
for M rnin at 3rC. DCs were nnally washed and resumed to 

fGMP auaHty PBS: BloWWttaker for Injection. DCs to be 
^ ffie^Al Dm tesu were pulsed with Mage-3A1 (but 
no recall anUgen): DCs that sensed as negative omtrol In the 
DTHW wL not pulsed at all. An aliquot of *e DCs to be 
^ for vaccinations was analyzed as descdbed (1^ to asst^^ 
Anally active and mature DCs generated. The feature^ 
DCs a,* described in Results. Release criteria we« typical 

t^\^ <>95% nonadherent veiled cells) and phenotype 
^fi H^-DR-*S*-CD40*CD25*^ 

hotnogenously CD83**). 

Immunization Schedule 

A total of five vaccinations (three into the skin followed^ 
wo intravenously) with antlgen-pubed DC were given at 14-d 
(Table n) . This design was chosen to exptore the t«dc- 
S,^ei«cy of various n>utes In this «al. For v^cdnattom 1- J 
3 X 10* DG were given subcutaneously at two sites (1.5 X 10" 
b£L500VlPBSper«»te)and3 X 10« lnt«dem«lly at 10 dtes 
lOS DCs in 100 |U PBS per site). Hie Injection sites were 
Se ventromedial regions of the upper «™ ff,*! 
tTlhe regional lymph nodes and were rotated clockwise. Umte 
wl^ Eg ijnjh nodes had been removed «>.^or Irradiated 
^STeSuS pTr mtnivenom vacdnauons 4 «jd 5. • of 6 
L 12 X 10« antigen-pulsed DCs (re««pend^ln 25 or 50 «J 
?S plus 1% autologous plasma) w« admlnl.t««l ov^ 5 «^0 
tni., Loectlvdv Premedication with an antlpyreUc (500 mg acet- 
^^^^ P.O.) and an antlh«amine (2.68 mg de- 
^S^^^^ '-^J was given 30 min before intravenous 
DC'vacdnalion. 

Evaluation ofbmnune Status 

Readl MOpn-specUU PnUIeratim and Cytokine Pi^uOlon 
PBMCs were cultured in triplicate at two d«e leveb (3 X 10^ 
and 1 X 10* PBMCs/wdl) plus or minus IT or toberculln tat 
S 1. Id 10 ,^ml) and pulsed on day 5 wid, m^^^ 
for 12 h. In an cases, the highest cpms were obtained wto the 
highest doses of PBMCs and anUgen and are shown m F^- 2 
H «kJ IFN-7 levels we« measured in culture media by ELBA 
ffindosen Inc.). In a separate plate, staphylococcal enterotoxln 
gSuTwas addedTaS. 1. andS ng/ml. and proliferation 
was assessed after 3 d to provide a positive control for helper T 

Antleen-ved&T Cells. To quantitate antigen-^jedflc. IFN-y- 
2E^-3Al-*peclflc effector T cells. 
S^^^luSPOp assay was used 

(10» and 5 X lOS/weU) or In some cases CD8+ or CD4 T celb 
isolated by MACS™ according to the manufacturer. MUtenjd 
Blotec) were added m triplicate to nit,oceUuk>se-bottomed 96-wcD 



medium (RPMl 1640 and 5% heat-lnacUvated human sef^) P^^ 
weU For the detection of Mage-3Al-reacUve T ceUs. the APCs 
were Irradiated T2.A1 cells (provided by P, van der Bmggen. 
Ludwig InsUtute of Cancer Research. Brussels, Belgium) pulsed 
with MHC class I-restricted peptides (Mage-3A1 peptldeand the 
HIV-1 pl7-dertved negative control peptide GSEELRSLY) added 
at 7.5 X 10*/weU (final volume 100 jO/wea). After U^bation 
for 20 h weUs were washed sbc times, incubated with blotlny- 
lated second mAb to IFN-7 (7-B6-1: Mabtech) for 2 h, washed, 
and stained with Vectastaln EUte kit (Vector Ubs.). For detec- 
tion of TT-reactive T cells. TT was added at 10 p^/ml directly to 
the PBMCs (1 or 5 X 10* PBMCs/flat-bottomed 96-weU plate). 
Assays were performed on fhah PBMCs. Spots were evaluated 
and counted using a special computer-assisted ^rtdeo imaging a^ 

sis system (Cari Zeiss Vision) as d^^^d (16). 

Semiquantitative Assessment of CTLPncuTsors. The mulUple 
microculture method developed by Romero et a (17) was used 
to obtain a semiquantitative assessmeru of CTLp (precursors) spe- 
cific for Mage-3Al peptide. AUquots of frozen PMBCs were 
thawed and assayed together. CD8* T cells were iwlated with 
magnetic mlaobeads (MACS^ separation columns; Milteriyi Bio- 
te^and seeded at lO^/weU In 96-weU round-bottpmed plates in 
RPMI 1640 with 10% heat-mactivated human senim. The CDS" 
PBMCs were pulsed with pepUde Mage-3A1 or the influen2a 
PBl control peptide VSDGGPNLY (10 ^rvi: 30 min at room 
temperature), irradiated (30 Gy from a cesium soi^), ?J«1 added 
T^C popuUtion at 10^/weU together with IL-2 (10 lU/ml 
anal) and IL-7 (10 ng/ml final) in a total volume of '200 »ii/weU. 
On day 7 100 pJ fresh medium was substituted, and peptide 
Maae-3Al' or PBl (1 Jig/ml final) and IL-2 (10 U/ml) was 
added On day 12. each miaoweU was divided into three equal 
samples to test <ytolytic activity in a standard Jl-h "Cr- 
^y%n peptide^ubed (10 ^is/^U for 1 h at 37-q T2A1^^^ 
noninilsed T2A1 ceDs. and K562 tai^get cells. respectMy- AU of 
the assays were performed with an 80-fold excess of nonlabeled 
K562 to block NK actlv^. Mlcrowells ww scored posltWe If 
hnus of T2A1 targets with peptide minus lysis withoid peptide 
was Sl2% and this specific lysis was greater than or equal to 
twice the lysis of T2A1 targets without 
scribed (18). We aimed at testing 30 mlcrowells of 10^ CDS T 

cells. Therefore. 1/30 positive wells equals f 1^ o^f CTLp In 
3 X 105 30 wells at 10^ CTLp per weU) CDS* T ceUs (cor- 
responding u>r^2Xl^ PBMCs). 

DTH DTH to Mage-3A1 peptide was assessed by intra- 
dermal injection at two sites of each 3 X 10* Mage.3Al peptide- 
loaded DC in 0.1 ml PBS. Negative controls were nonpulsed 
autologous DCs in 0.1 ml PBS and 0.1 ml PBS. DTH toseven 
common recall antigens (Multitest Merleu;d ^"^^ ^ 
tuberculin was performed on visits 1, 5, and 8 fTable II). 

Assessment and Analysis of Tumor Tissue 

For recruitment into the study. Mage-3 gene expre^n In at 
least one metastotic deposit had to be demonstrated by RT-PCR 
as described (H). Accessible superficial skin metastases were re- 
moved whenever posslWe after the vacdnattons and subjected to 
Mage-3 RT-PCR os weU as routine histology and Immunohis- 
toiogy (to diaracterize ceUular infiltrates). 

Statistical Analysis 

For analysb of the Immune response, pre- and postimmunlza- 
tion values were corr^jared by paired t test after lo^^^^c trans- 
fonnation of the data. Significance was set at ? < 0.05. 
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Results 

Patient Charaaerisdcs 

Ail 13 patients were HLA-Al-^. had proven Mage-3 
mRNA expression In at least one excised metastasis, and 
suffered from advanced stage IV melanoma, i.e.. distant 
metastases that were progressive despite chemothexapy and^ 
in some cases, chemoinnmunotherapy fTable I). We offered 
DCs to aU paUents who ftiimied the inclusion and exclusion 
criteria, i.e.. we did not select for subsets of patients. Two 
patients (numbers 01 and 03) succumbed to melanoma af- 
to- two and three vaccinations. respecUvefy. 11 patients re- 
ceived all five planned DC vaccinations in 14-d intervals 
(Table II) and were thus fuUy evaluable. 

QvailtyoftheVaadne 

All vacdnfi preparations were highly enriched in mature 
DCs. More than 95% of the cells were large and veiled in 



appearance, expressed a characteristic phenotype by flow 
cflometxy (HLA-DR+*^CD86+++CD40+CD25+CD14-). 
and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of £1:300 (13). Most (mean 80%) expressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
(13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recaU anUgen. The 
latter were internal controb for immunization and possibly 
provided help for CTL responses (20). 

Toxidty 

No major (above grade II) toxicity or severe side effects 
were observed in' any patient, including the two patients 
who were not fiiHy evaluable. We noticed, however, local 
reactions (erythema. Induration, pruritus) at the Intracuta- 
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Table n. Study Design 



Vacc #2 
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neous vaccination sites that Increased with the number of 
vaccinations. In 9/11 patients strong DTH reactions (In- 
duration > 10 mm In diameter) were noted to DCs cany- 
ing a recall antigen (Fig. 1). Elevation of ^Jf^"^ 
(mde I and II fever) was obseived In most (9/11) patients 
s«d was also related to pulsing DCs with recall antigen. 
The most striking example vws patient 02, who progres- 
sively developed fever (up to 40»C) upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vaccinadoa We obsoved 
slight lymph node enlargement, clinically In 63% and by 
sonography In 83% of patients, after the Intracutaneous DC 
injeptions. Interestingly, these were delayed, being Inappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected when patients were Investigated again the day before 
the next vaccination CTaUe 11). 

Iimtunohjgleal Responses u 

Boosting ofRaaB Anagen-spedBc Immunity. PBMCs that 
had been ftxwen before vaccination and 14 d after vaccira- 
tion 5 were thawed and assayed together, as specified in the 
protocol fTable II). In most patients, a Jlgjiflcant boost of 
antlgen-spedflc Immunity developed to TT (and tubercu- 
lin In patient 10) (P < 0.004; Fig. 2). Supematontt from flie 
proliferative assays contained large amounts of MJ-Tf (mean 
U79 pg/ml, raSe 846-4.325) but Uttie IL-4 (IFN-y/IL-4. 
3171) In five patients, we studied the kinetics of the Immune 
^ise to rr^FN--, ELISPOT anal:^ls. We 
increase after the intracutaneous vaccinations (P < Om 
but a peculiar decrease after the Intravenous vacdnatlore (P < 
0 008- FlH 3) Thus, comparing recaU immunity before and 
after ail fl^ vacdnattons (Fig. 2) as prespedfied in the protocol 
fTaWe ID obvtously underestimated the extent of boosting. 

1673 Thumeretal. 




FlBurei. LocnltecctlomtoDaaiinfln8Mnge-3Alpn)ttorarfT^ 
at ths imndBrmal and nubeutnnoow vocetaatton altes In patiam (S (24 h 
after vecdnetton 2: top pond) tmd 02 (48 h after vtednntton 3; bottom 
eaneO. Eiythsnu m the 10 totJtsdermd (toft) and 2 lubcuiti^ 
Uxlnatlon «lte» Jbllowed by Indunakjn >10 mm In tUometer (with 
secondary purpura In patient 02). These toed reectlon represent strong 
DTH reacUon. to DCs eanying TT. m sodi strong "^tons,-;" "« 
cur In t«ponse to unpuhed DCs or DCs pulsed with Mage-SAl peptide 
nlone In DTH tests I-m fToble II; recctlons not shown). 




^ow m 012 



d13 



ifi_.^ 2 RacaD anaaen-speciac immunity (tubwcuUn In patient 10; 
u«to«BntoBd after 

^ 04 16 7S9 in patient 05, 7,913 in patient 08, 16,367 in P**!*"*^. 
r^gS-S-rt^"! 22,790 in paOen. 10. ^.507 in pa^^ 
inpatient 13 PEM for aB measuraiKim wn, <20^. Potfa^ 
^ not te evriuated due U) shortage of c«U» ato 



Expansion Of Mage^SAl'SpecmcCTLp. AUquots of 
PBMCs, frozen before the first and after the thW and fifth 
vaccinations, were thawed at the same time (TaWe U) and 
subjected to a semiquantitative recall assayfor CTLp (refer- 
ence 17- Fig. 4). Before vaccination. CTLp frequencies 
were lovir or undetectable. In 8/1 1 patients, we found a sig- 
expansion of Mage-3Al-^ CUp as indicated 
Z the Uiaease (mean, eightfold; P < 0.008) of positive 
microcultures in the multiple mlcroculture procedure em- 
Dloved for the semiquantitative assessment of CTTLp HO- 
Interestingly, in six patients, the CTLp frequencies were 
maximal after the three Intracutaneous vaccinations (P < 
0.0013) but then decreased after the two «dditionad intia^^^ 
nous vacdnattons in aU but one of these patients (P< 0.026). 
Only in l/U patients did we observe an increase of ClLp 
to an irrelevant PBl influenza peptide tiiat served as a spec- 
ificity control (not shown) . 



EUSPOT Analysis for IFN-y^easing, Masge-3A] -specific 
T Ceiij. We also tried to detect Mage-3A1 Specific CTL 
effectors in uncultured fresh, nonfrozen PBMCs by per- 
forming EUSPOT analyses at 14-d Intervals on all patients. 
A significant increase of Mage-3A1 -reactive IFN-Tf spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, respectively, but the fre- 
quency of Mage-3Al-specific effectors was veiy high 
(r^^5 m and 10.500/10^ CD8+ T cdls; not shown). 

DTHTesttoMs^SAlPeptidk-k^DCs. TestsofDTH 
to Mage-3A1 peptide-loaded DCs yielded eiytiicma and/or 
induration (>5 mm diameter) In 7/1 1 patients (not diown). 
The results were, howev^, equivocal due to the frequently 
observed background to nonpulsed DCs (up to 10 mm In 
diameter) and tiie variability from test site to test site. 

CUnkal Responses 

At tiie end of tiie trial, I.e.. ~2 wk after tiie fifth vaccina- 
tion (Table ID. we observed temporary growth cessation of 
some Individual metastases, but more Intrigulngly. In 6/11 
patients, complete regression of Individual metastases in 
skin, lymph nodes, lung, and Uvcr (Table I and Fig. 5). 
Resolution of skin metastases was fourul in three patients 
(Table I. patients 06. 07. and 08) and In two of Ihem (06 
and 07), it was preceded by local pain, Itching, and dlght 
erytiiema. The six regressing skin lesions of patients 06 and 
07 (Table I) were also excised and examined by Immuno- 
hlstology. Clusters of CDS* T cells were seen around and 
In tiie tumor, the latter often necrotic, suggesting an Im- 
mune attack (Fig. 6). 

In patients 06 and 08. tiie metastases excised at study 
entry (four and two, respectively) proved to be Mage-3 
mRNA*. However, all of the samples removed at the end 
(two and six, respectively) were M^e-3 mFiNA", sugg«t- 
ing immunoselection few antigen-negative tumor cells. Re- 
markably, significant Infiltration of CD8* T cells was not 
found In any of these lesions. 



Dlscussilox& 

In deciding on tiie souree of DCs for this phase I trial, 
we selected jnature. monocyte-derived DCs for tiie follow- 




m)7 



Fisure 3, Kinetic analyds of immunity to recall antigens 
0, Lesied by TT-spedflc IFN EUSPOT (SEM for aU 
roeawrements wdb <20%). Blood was drawn Table II. 
Study DeiigiO before the first DC vecclnailon end then ev- 

©ly 14 d Just bafoie cdministrotlon of the nsjrt DC vecd- 
reition (B.g.. pre Vecc ^ 2 means immediately be&ue vecci- 
mtlon 2, l.e., 14 d a/to" vcccinotlon 1), and finally after 
therapy. Time points at which vacdnaUons were not per- 
formed leek bar*. Note the increase after the intrecutane- 
ous voccirwtions and the decline upon the two vacdra- 
tlons after Intravenous ones. Patient 10, who received 
tuberculin-pulsed DCs, exhibited no stgniflcani change in 
the TT-spseinc IFN-7 EUSPOT OS expected. 
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ing reasons. Monocyte-derived DCs cuirently represent 
the most homogenous and potent DC populations with 
several defining criteria and quality controls (12, 13, ZIJ. 
The method for generating production of tiiese DCs is 
very reproducible and aUows tiie cryopreservation of large 
numbers of ceils at an identical stage of development (12. 
13). Fiirtiiermore. these DCs can be produced in the ab- 
sence of potentially hazardous FCS (12. 13. 21). FCS expo- 
sure also leads to large syr^eneic T ceU responses in cul- 
ture so tiieir clinical use (11) might produce nonspecific 
imniunosdmulatoiy effects. Unlike otiier investi^tors (9-11). 
we chose to use mature ratiier tiian immature DCs for our 
ni3t melanoma trial The DCs tiiat have been used witii ef- 
ficacy in animal experiments were primarily mature^, oj. 
Mature DCs are much more potent in Inducing CTL and 
Thl responses In vitro (reference 22 and Jonuleit. H.. A. 
Gieseke. A. Kandemlr. L. Paragnlk. J. Knop. and A.H. 
Enk. manuscript in preparation), and the DCs are ate resis- 
tant to tiie immunosuppressive efferts of IL- 10 (23) that 
can Ife produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen-pr^enting MHO 
da« I {26a) and dass n molecute (27). Finally, mat^ 
DCs have a high migratory activity (21) and express CCR7 
(28). a receptor for chemoklnes produced constitutively in 



lymphoid tissues (28). Mature DCs. as used In this cancer 
therapy trial, have recentiy also been shown to rapidly gen- 
erate broad T cell Immunity in healthy subjects (28). 

Mature DCs were loaded witfi only OTie melanoma pep- 
tide. Mage-3A1, to avoid unc^tainties regarding leading of 
DCs with muWple peptides (11) of vaiylr^ affinity and off 
rate. Successful loading was verified wltii a Mage-3Al-5pe- 
cific CTL done and ELISPOT analysis (not shown). The 
Mage-3A1 peptide (15) was elected for several reasons. It is 
essentially tumor sf^dhc (2) and expressed in tumors otiier 
tiian melanoma (2) . and tiie Mage-3 Al epitope is likely a re- 
jection antigen (14). Moreover, the Mage-3A1 CTLp fire- 
quency is exceedlngjly low in rx>ncancer patients (refererKie 
18; 0.4-3 per 10^ CD8^ T cells) as well as in cancer patients, 
even after peptide vaccination (14). Thus, any kiduction or 
boost of Kfage-3A1 CD8+ T cell re^nses would Indicate a 
significant superiority in the adjuvant cajadties of DCs. 

DTH as^ys with peptide-pulsed DCs were carried but 
as described by Nestie et al. (11) to detect Mage-3A1 im- 
munity (not showm). However, we did not detect un- 
equivocal DTH. ThU was due to the frequently observed 
background to nonpulsed DC^s (possibly due to cytokine 
production by DCs) and tiie noteworthy variablUty from 
test site to test site. As Mage-3A1 -specific T cells are CD8+ 




Figure 5. Regression (airowi) of a gtobular (13 
mm In dlameta) lung xneiastaaU In pattern 07 that 
was then no longer detectable In serial 6-nun-thick 
computed tomogrnphy scans. 
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T cells and DTH assays typlcaBy detect primed CD4+ T 
cells, we suspect that DTH to MHC class I peptide-pulsed 
DCs may also for this reason prove not to be a sensitive or 
reliable way to monitor specific CD8+ T cell-mediated im- 
munity. OA1 

In contrast, we found sizable expansions of Mage-3A1- 
jpedflc CTL precursors in PBMCs firom a majority (8/11) 
ofpatients (P < 0.008; Fig. 4). This is an important proof 
of the principle of DC-based Immunization, and it is also 
significant from the point of view that tumon can induce 
tolerance or anergy. It is very promising that CTLp expan- 
sions can be Induced In for advanced and heavily pretreated 
stage IV melanoma patients. However, active l^ge;3Al- 
spedflc effectors were generally not observed in EUSPOT 
^ys, except for in two patients with high frequerKles 
{>5,(K)0/10^ CD8+ T cells). Perhaps active CD8+ effectors 
were rapidly sequestered in the numerous metastases, as 
suMested by the biopsy studies mustrated in Fig. 6. An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simply 

'^h^ei^tingly, In six patients. CTLp Increased to their 
highest levels after the three intracutaneous vacdnaUons 
(P < 0.0013) and then decreased (P < 0.026) vAth subse- 
quent intravenous immunizations (Fig. 4). The decrease in 
CTLp might be due to emigration of activated Mage^S- 
reactlve CTLs into tissues, tolerance Induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased responses to recaU antigens In the five patients that 
we studied before and after intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as it may be counterproductive. In contrast, our re- 
sults dearly demonstrate that the Intracutaneous route is ef- 
fective, so that the less piactlcal Intranodal Injection propa- 
gated by other investigators (11) does not seem essential. It 
will, however, be necessary to compare subcutaneous and 
intradermal routes to find out if one is superior. 



We found regression of Individual metastases In 6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation fTable I), This percentage of responses was unex- 
pected In far advanced stage IV melanoma patients who 
were all progressive despite standard chemotherapy and 
even chemoimmunotherapy. In the study J&y Nesde et aL 
(11). chemotherapy was oi^ given to 4/16 melanoma pa- 
tients, and objecUve tumor responses were observed in 
5/16. Therefore, we attribute the regressions to DC-medi- 
ated Induction of Mage-SAl-^pedfk CTLs. This Interpre- 
tation Is supported by the heavy infiltration with CD8'^ T 
cells of regressing but not nonregresslng (skin) metastases. 
The observation that all of the metastases in patients 06 and 
08 that were excised at the end of the study were Mage-3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests Immune escape of arul selection 
for Mage-3 antigen-negative tumors. Immune escape 
might also have been responsible for the lack of tumor re- 
sponse in those nonresponders that had mounted a Mage- 
3Al-«peclflc CTL response. 

After the end of the trial, surviving patients received fur- 
ther vacdnaUons with DCs and several tumor peptides 
(Mage-1. tyro^nase. and Mage-3) that were no longer part 
of the protocol. It is encouraging that 5/11 patients are stiU 
alive (Table 0 9-17 mo after study entry, as the expected 
median survival In patients progressive after chemo(im- 
muno)therapy is only 4 mo (29, 30), One of the initial re- 
sponders (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It is Inter- 
esting that Marchand et al. (14) have also observed ttiat re- 
gressions, once they have started, proceed slowly and may 
take months to complete. 

In conclusion, the use of a defined DC vaccine com- 
bined with detailed InununomonJtorlng provides proof that 
vaccination with mature DCs expands tumor-specific T 
cells in advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 
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CD8+ CTLs and tumor cells as weU as for escape of antigen- 
negative metastases. We are convinced that DC-mediated 
immunization can be intensified further to rev^ the pr»- 
ence of expanded populations of effector cells. Efficacy irUght 
be InaeaMd at the level of the DC. e.g.. by optimizing 



variables such as DC maturatlonal state, route, dose, and 
schedule or by Improving the short life span of DCs In vivo 
(31 32): at the level of the T ceB, e.g.. by providing mela- 
norra-speciflc CD4+ T ceU help (33, 34) or IL-2 (35); and 
by treating patients eartier in their disease course. 
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